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BACKGROUND OF THE INVENTION 



This application claims the benefit of U.S. Provisional Application No. 
60/448,285, filed on February 19, 2003, which is incorporated by reference in its entirety. 
The government owns rights in the present invention pursuant to grant number AI45108 
5 from the National Institutes of Health. 

L Field of the Invention 

The present invention relates generally to the fields of molecular biology, cell 
biology, and pharmacology. More particularly, it concerns methods and compositions for 
10 modulating cell death using a serine protease inhibitor 2 A (Spi2A) polypeptide or a 
Spi2A polypeptide equivalent. 

2. Description of Related Art 

A wide variety of factors are involved in the control of survival of a cell. Some of 

15 these factors have been shown to be initiated within specific cellular organelles. For 
example, the mitochondrion is involved in the caspase-mediated apoptotic pathway of 
cell death. Ligation of 'death receptors/ such as tumor necrosis factor 
receptor 1 (TNF-R1), causes the release of mitochondrial proteins into the cytoplasm of a 
cell. The release of mitochondrial proteins into the cell triggers the caspase protease 

20 cascade, which in turn results in apoptosis (Budihardjo et aL, 1999). 

In addition to the mitochondrion, the lysosome also plays a role in modulating cell 
death (Ferri and Kroemer, 2001). Cathepsins, which are cysteine proteases, are located 
within lysosomes. There are eleven human cathespins (B, H, L, S, C, K, O, F, V, X and 
W) that are now known at the sequential level (reviewed in Turk et ai, 2002). TNF-R1 

25 can trigger cell death independently of caspases by causing lysosomes to release 
cathepsin B into the cytoplasm. The released cathepsin B acts as a dominant executioner 
protease (Foghsgaard et ai, 2001). 

Thus, there are two pathways of apoptotic cell death. In the caspase-independent 
(lysosomal) pathway, cell death is mediated by lysosomal release of cathepsins. In the 

30 caspase-dependent pathway, cell death is mediated by the caspase protease cascade. 
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NF-kB completely blocks the TNF-a pathway leading to apoptosis through the 
activation of protective genes (Beg and Baltimore, 1996). This implies that NF-kB 
inhibits both the caspase and lysosomal pathways of cell death. Nevertheless, no single 
pharmacological agent has been identified which can inhibit both pathways of cell death. 
5 Serine protease inhibitor 2A (Spi2A) was originally described in the 

teratocarcinoma cell line EB22 (Inglis et ah, 1991). Murine Spi2A has some features of 
the intracellular serpins although it is most closely related to human antichymotrypsin 
(Hampson et ah, 1997). Curiously, the original cDNA was truncated at the 5' end as a 
result of an alternative splicing event. It was subsequently shown that this serpin was 

10 part of a multigene cluster of at least nine serpins on murine chromosome 12 at a locus 
syntenic with human chromosome 14q32.1 (Inglis and Hill, 1991). The human locus 
contains the genes encoding antitrypsin, antichymotrypsin, protein C inhibitor and 
Cortisol binding globulin (CBG). After its original description, Spi2A was identified as a 
gene expressed in the pluripotent hemopoietic cell line FDCP-Mix A4, which was 

15 dramatically down-regulated upon differentiation. (Hampson et ai, 1997). Similarly, 
when granulocyte macrophage-colony forming cells (GM-CFC) were isolated from 
murine bone marrow and induced to differentiate, down regulation of expression could be 
shown. When FDCP-Mix A4 cells were stably transfected with Spi2A, they showed 
delayed differentiation and increased clonogenic potential (Hampson et ai, 1997). 

20 Northern blot studies showed Spi2A message in lymphoid tissues and expression was 
markedly upregulated in primary splenocyte cultures upon T cell activation. 

Inhibitors of both the caspase-dependent and caspase-independent pathways of 
cell death can provide a novel means of inhibiting cell death since the need to target both 
pathways with different agents would be overcome. In addition, these agents could be 

25 applied in the treatment of diseases and conditions associated with cell death. For 
example, these agents can be applied to prevent cell death associated with inflammatory 
diseases such as sepsis (Bochud and Calandra, 2003), hepatits and liver cirrhosis (viral 
and chemical induced) (Crawford, 1999). In addition these agents can be used to treat 
disease caused by ischemia-induced cell death, such as myocardial infarction. (Itoh et ah, 

30 1995; Kajstura et ah, 1996). These agents can also be used to prevent the apoptotic cell 
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death that commonly occurs in donor granulocytes during the process of preparation of 
the granulocytes for subsequent transfusion to a recipient (Brach et al, 1992). 

In the absence of caspase activity, one possible way in which cathepsin B released 
into the cytoplasm promotes cell death is through activation of Bid, leading to 
5 mitochondrial dysfunction and the production of damaging reactive oxygen species 
(ROS) (Ferri and Kroemer, 2001). The loss of lysosome integrity and the release of 
cathepsins and other digestive enzymes is a critical event in the induction of not only 
apoptosis but also coagulative necrosis (Ferri and Kroemer, 2001; Wyllie et al., 1981). 
Therefore, agents that can inhibit both pathways of cell death can also provide a novel 

10 means of protection against cell death and dysfunction that is related to necrosis, 
lysosomal instability, and ROS. 

Agents that inhibit both pathways of cell death can also be applied as therapeutic 
agents in the treatment of diseases associated with abnormal lysosomal cysteine protease 
activity. When secreted, lysosomal cysteine proteases can be very harmful for their 

15 environment, resulting in pathological conditions. Cysteine proteases have been 
observed to be involved in a number of diseases (see, generally, Turk et al, 2002) such as 
rheumatoid arthritis and osteoarthritis (Mort et al, 1984; Mort et al, 1998; Baici et al, 
1988; Baici et al, 1995), Alzheimer disease (Cataldo and Nixon, 1990), multiple 
sclerosis (Bever and Garver, 1995) and muscular dystrophy (Takeda et al, 1992, 

20 Kominami et al, 1987). In many of these diseases, lysosomal enzymes were found to be 
present in the extracellular/extralysosomal environment in the proforms, which are 
substantially more stable than the mature enzymes. There is also evidence that lysosomal 
cysteine proteases are also involved in neuronal apoptosis (Nixon and Cataldo, 1993). 

Cysteine proteases, in particular cathepsin B, have also been shown to be associated 

25 with malignancy (Poole et al, 1980; Sloane et al, 1981; Turk et al, 2002). Other studies 
have shown that cathepsins B, H and L are involved in cancer progression either by direct 
degradation of extracellular matrix or by activation of other proteases, such as urokinase- 
type plasminogen activator (reviewed in Turk et al, 2002). This involvement could be 
accomplished by increases in secretion, mRNA and protein levels and activity. 

30 Therefore, the identification of modulators of both the caspase-dependent and 

caspase-independent mechanisms could be applied in new forms of treatment in diseases 
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and conditions that are associated with cell death due apoptosis, necrosis, lysosomal 
instability, ROS, and other related mechanisms. Agents that are inhibitors of both 
pathways of cell death can also be used to prevent apoptosis that commonly occurs in 
donor granulocytes following harvesting and preparation for administration to a recipient. 
5 In addition, these agents can also be used in treating patients with conditions associated 
with abnormal cysteine protease activity, such as cancer. 

SUMMARY OF THE INVENTION 

The inventor has discovered that Spi2A inhibits both the caspase pathway and 

10 caspase-independent pathway of cell death. In particular, it has been discovered that NF- 
kB complexes inhibit the cathepsin B pathway of cell death, and Spi2A is a mediator of 
this inhibition. It has been shown that the inhibition of the cathepsin B pathway of cell 
death is the result of activation of TNF-R1. TNF-R1 has been shown to induce the 
NFicB-dependent, up-regulation of Spi2A, a potent inhibitor of cysteine cathepsins. As 

15 described for other NF-kB target genes, the expression of Spi2A antagonizes the caspase- 
dependent pathway of apoptosis (Baldwin, 2001). However, since lysosomal cathepsin B 
can induce cell death without caspase activation, Spi2A also affords protection against 
caspase-independent cell death (Borner and Monney, 1999). Therefore, a novel 
mechanism by which NF-kB blocks the lysosomal pathway of cell death has been 

20 identified. In view of these findings, Spi2A and Spi2A equivalents can be used as novel 
agents to modulate cell death in a target cell and can be used in new forms of treatment of 
diseases and conditions associated with cell death, lysosomal instability, and abnormal 
cysteine protease activity. 

Certain embodiments of the present invention are generally concerned with 

25 methods of modulating cell death in a cell, which is achieved by contacting the target cell 
with an Spi2A polypeptide or an Spi2A polypeptide equivalent. As used herein, "Spi2A" 
will refer to murine Spi2A, and is further discussed in the specification below. An Spi2A 
polypeptide pertains to a polypeptide based on the sequence of murine Spi2A. A 
polypeptide of any length is contemplated by the present invention, including a 

30 polypeptide based on the full amino acid sequence of Spi2A. 
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"Spi2A polypeptide equivalent," discussed in detail in the specification below, 
includes any Spi2A polypeptide in which some, or most, of the amino acids may be 
substituted so long as the polypeptide retains substantially similar activity in the context 
of the uses set forth herein. 
5 For example, a Spi2A polypeptide equivalent includes a polypeptide from Serpin 

Bl, Serpin B2, Serpin B3, Serpin B4, Serpin B6, Serpin B8, or Serpin B9. In certain 
particular embodiments of the present invention, a Spi2A polypeptide equivalent is a 
Serpin B9 polypeptide. 

Other examples of Spi2A polypeptide equivalents that are anticipated to have an 

10 acceptable level of equivalent biological activity of Spi2A includes polypeptides having 
the amino acid sequence MAGVGCCA (SEQ ID NO: 10) or polypeptides having the 
amino acid sequence FWAECCM (SEQ ID NO: 11). These amino acid sequences are 
part of Spi2A and PI9, respectively. The Spi2A polypeptide equivalents may include all 
or part of these amino acid sequences. For example, the Spi2A polypeptide equivalent 

15 may include 8, 7, 6, 5, or 4 consecutive amino acids in forward or reverse orientation 
from either of these amino acid sequences. Any number of additional amino acid 
residues may be located at the C-terminal or N-terminal of the polypeptide. 

In further embodiments, the Spi2A polypeptide or Spi2A polypeptide equivalent 
includes an amino acid sequence designed to facilitate incorporation of the polypeptide 

20 into the intracellular compartment of the cell. Although a person of ordinary skill in the 
art would understand that the Spi2A polypeptide or Spi2A polypeptide equivalent can be 
fused to any amino acid sequence known to facilitate internalization into the intracellular 
compartment, a specific embodiment involves use of a polypeptide encoding an amino 
acid TAT sequence from HIV. In another embodiment, the Spi2A polypeptide or Spi2A 

25 polypeptide equivalent is fused to a polypeptide encoding an Antp amino acid sequence. 
Still another embodiment involves fusion of an Spi2A polypeptide or Spi2A polypeptide 
equivalent to a polypeptide encoding a VP22 amino acid sequence from HSV. 

The present invention contemplates embodiments that require use of Spi2A 
polypeptides and Spi2A equivalent polypeptides to modulate cell death wherein the cell 

30 death is related to any known mechanism of cell death. 
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In certain embodiments of the invention, the method for modulating cell death is 
further defined as a method for modulating apoptosis. In some embodiments, the method 
for modulating apoptosis is further defined as a method for modulating cell death of a T 
lymphocyte. Modulation of death of T lymphocytes can be applied in embodiments of 
5 the invention that are directed to methods of facilitating the differentiation of a 
lymphocyte into a memory T lymphocyte. 

In some embodiments of the present invention, the Spi2A polypeptide or Spi2A 
polypeptide equivalent is comprised in a vaccine. The vaccine, for example, may be 
directed against a target cell in a subject, such as a tumor cell or a cell that is infected by 

10 a pathogen. For example, the tumor cell may be a cell from a breast cancer, lung cancer, 
ovarian cancer, brain cancer, liver cancer, cervical cancer, colon cancer, renal cancer, 
skin cancer, head & neck cancer, bone cancer, esophageal cancer, bladder cancer, uterine 
cancer, lymphatic cancer, stomach cancer, pancreatic cancer, testicular cancer, 
lymphoma, or leukemia. The virus can be any virus known to those of ordinary skill in 

15 the art. For example, in some embodiments the virus is HIV, HSV, or ADV. The 
vaccine may include additional agents that are useful in the treatment or prevention of 
tumors or infections by pathogens. 

The apoptosis may be apoptosis that occurs as a result of increased lysosomal 
permeability with the cell. Increase in lysosomal permeability can result in release of 

20 lysosomal proteases. Thus, embodiments of the present invention pertain to methods of 
modulating cell death that is further defined as cell death due to release of at least one 
lysosomal protease in the cell. Although any lysosomal protease is contemplated by the 
present invention, in preferred embodiments the lysosomal protease is a cysteine 
protease. For example, the cysteine protease can be cathepsin B, cathepsin H, cathepsin 

25 L, cathepsin S, cathepsin K, cathepsin O, cathepsin F, cathepsin V, cathepsin X, or 
cathepsin W. The present invention also pertains to methods of modulating cell death 
due to autophagic cell death, TNF-a mediated cell death, cell death due to reactive 
oxygen species (ROS), and cell death due to necrosis. 

Although one of ordinary skill in the art would understand that any cell is 

30 contemplated by the present invention, in preferred embodiments the cell is located in a 
subject. More specifically, the subject can be a human. The human may or may not be a 
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patient with an underlying disease. Although any disease is contemplated by the present 
invention, in certain specific embodiments the disease is a disease associated with an 
abnormal rate of cell death. For example, the patient can have vascular disease. The 
vascular disease may be occlusive vascular disease or cardiovascular disease. The 
5 cardiovascular disease can be a myocardial infarction. More specifically, the myocardial 
infarction can be an acute myocardial infarction. 

The patient can also have an infection. In a particular embodiment, the infection 
results in septic shock. The infectious agents may be gram negative or gram positive 
bacteria or a fungus. The infectious agent causing sepsis may also be a biological weapon 

10 such as Bacillus anthracis (leading to cutaneous, inhalation or intestinal anthrax) or 
Yersinia pestis (leading to bubonic, septicemic or pneumonic plague). 

The disease can also be a disease associated with cell death due to necrosis, 
reactive oxygen species, or lysosomal instability. These include fulminating hepatic 
failure caused by hepatitis A, B, C, D, E or G virus, anti-tuberculosis drugs such as 

15 rifamycin or isoniazid, anti-depressant monoamine oxidase inhibitor drugs, industrial 
chemicals such as carbon tetrachloride, or alcohol. The disease may be an inflammatory 
disease such as hepatitis or liver cirrhosis caused by hepatitis A, B, C, D, E or G virus, 
anti-tuberculosis drugs such as rifamycin or isoniazid, anti-depressant monoamine 
oxidase inhibitor drugs, industrial chemicals such as carbon tetrachloride, or alcohol. The 

20 inflammatory disease may also be rheumatoid arthritis, or osteoarthritis. The disease can 
also be emphysema or osteoporosis. 

In another example, the disease or condition may be one that is associated with 
abnormal cysteine protease activity. For example, the disease can be a bone disease, 
neurodegenerative disease, Alzheimer disease, viral disease such as HIV, multiple 

25 sclerosis, muscular dystrophy, or arthritis including rheumatoid arthritis and 
osteoarthritis. Because immune disorders have been associated with abnormal cysteine 
protease activity, the patient can also have an immune disorder. The immune disorder can 
be an autoimmune disorder or a disorder associated with abnormal antigen presentation. 
As discussed above, abnormal cysteine protease activity has been associated with cancer. 

30 Therefore, in a certain embodiment the subject is a patient with cancer. The 

patient with cancer can be a cancer patient undergoing secondary anti-hyperplastic 
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therapy. Examples of such secondary anti-hyperplastic therapy include chemotherapy, 
radiotherapy, immunotherapy, phototherapy, cryotherapy, toxin therapy, hormonal 
therapy or surgery. 

In still further embodiments of the present invention, the Spi2A polypeptide or 
5 said Spi2A polypeptide equivalent is included in an expression cassette that further 
includes a promoter, active in the cell, operably linked to a polynucleotide encoding an 
Spi2A polypeptide or an Spi2A polypeptide equivalent. In a particular embodiment, the 
expression cassette includes a promoter, active in the cell, operably linked to a 
polynucleotide encoding an Spi2A polypeptide. In another particular embodiment, the 
10 expression cassette includes a promoter, active in the cell, operably linked to a 
polynucleotide encoding an Spi2A polypeptide equivalent. The polynucleotide encoding 
the Spi2A polypeptide or the Spi2A polypeptide equivalent may be comprised in a 
vaccine. 

Although any Spi2A polypeptide equivalent is contemplated, in certain 
15 embodiments the Spi2A polypeptide equivalent one of the previously discussed human 
equivalents. The expression cassette can be carried in a viral vector. Although one of 
skill in the art would understand that any viral vector is contemplated by the invention, 
examples of a viral vector include an adenoviral vector, a retroviral vector, an adeno- 
associated viral vector, a vaccinia viral vector, or a pox viral vector. The expression 
20 cassette can also be carried in a nonviral vector, such as a liposome. Although use of any 
promoter capable of expression in the cell is contemplated by the present invention, the 
promoter can be a constitutive promoter, an inducible promoter or a tissue-specific 
promoter. In certain embodiments, the expression cassette further includes an origin of 
replication, a polyadenylation signal, or a selectable marker gene. 
25 In still further embodiments of the invention, the Spi2A polypeptide or Spi2A 

polypeptide equivalent is obtained from media of cultured cells and applied to the surface 
of the cell. The cultured cells may or may not include an expression cassette. The 
expression cassette can include any of the characteristics that have been previously 
described. 

30 Other embodiments of the invention pertain to methods of treating a subject that 

includes (1) providing a composition that includes an Spi2A polypeptide or an Spi2A 
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polypeptide equivalent a pharmaceutical preparation suitable for delivery to said subject; 
and (2) administering the composition to the subject. In particular embodiments, the 
composition includes an Spi2A polypeptide. In other particular embodiments, the 
composition includes an Spi2A polypeptide equivalent, such as any of the previously 
5 described human Spi2A equivalents. 

The method of treatment can be further defined as a method of modulating cell 
death in a subject. The method of modulating cell death can be a method of modulating 
cell death by any of the mechanisms of cell death previously described in this 
specification. 

10 In still further embodiments, the method of treatment is defined as method of 

treating a disease or condition in a subject. A preferred subject is a human. The human 
can be a patient with any disease. In specific embodiments, the disease or condition is 
associated with cell death or abnormal cysteine protease activity. Examples of these 
diseases have been previously described. In a specific embodiment, the disease is septic 

15 shock. In another specific embodiment, the disease is myocardial infarction. The 
myocardial infarction can be an acute myocardial infarction. 

In some embodiments, the method of treatment is further defined as a method of 
facilitating the differentiation of memory T lymphocytes wherein the memory T 
lymphocytes are directed against diseased cells in the subject. In some embodiments, the 

20 Spi2A polypeptide or Spi2A polypeptide equivalent is comprised in a vaccine. The 
diseased cell may be a tumor cell or a cell that is infected by a pathogen. For example, 
the tumor cell may be a cell from a breast cancer, lung cancer, ovarian cancer, brain 
cancer, liver cancer, cervical cancer, colon cancer, renal cancer, skin cancer, head & neck 
cancer, bone cancer, esophageal cancer, bladder cancer, uterine cancer, lymphatic cancer, 

25 stomach cancer, pancreatic cancer, testicular cancer, lymphoma, or leukemia. The 
pathogen may be a virus, such as HIV, HSV, or ADV. Vaccines are discussed in greater 
detail in the specification below. 

In certain embodiments the composition is delivered systemically. Other 
examples of methods of delivery include intravascular delivery, and local delivery to a 

30 lesion such as a tumor. 
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Further embodiments pertain to methods of treating a subject involving 
administering an Spi2A polypeptide or an Spi2A polypeptide that further includes an 
amino acid sequence that preferentially targets the protein/polypeptide for intracellular 
entry. The sequence that targets the Spi2A polypeptide or the Spi2A equivalent 
5 polypeptide for intracellular entry can include any of the amino acids previously 
described or any such sequence known to one of skill in the art. 

The composition can include an expression cassette similar to that which has been 
noted above. One of skill in the art would understand that a variety of experimental 
techniques are available to practice the claimed invention using expression cassettes, 

10 some of which are discussed in greater detail below. 

Further embodiments of the invention include methods of preparing donor 
granulocytes for delivery to a subject in need of a granulocyte donation, including: (1) 
obtaining donor granulocytes from a suitable donor; (2) isolating the donor 
granulocytes; (3) contacting the donor granulocytes with a composition comprising an 

15 Spi2A polypeptide or an Spi2A polypeptide equivalent and a pharmaceutical preparation 
suitable for delivery to the donor granulocytes; and (4) administering the donor 
granulocytes to a subject in need of the donor granulocytes. In a particular embodiment, 
the composition includes an Spi2A polypeptide. In other particular embodiment, the 
composition includes an Spi2A equivalent polypeptide, such as the human Spi2A 

20 polypeptide equivalents previously described. 

The method of preparing donor granulocytes can be further defined as a method 
of preparation that results in reduction of apoptosis of the donor granulocytes. The 
method of preparation can also result in reduction of granulocyte necrosis, reduction of 
lysosomal instability and reduction of cell death due to ROS. The recipient of the donor 

25 granulocytes can be any subject. However, in certain embodiments the subject is a 
subject with a disorder involving granulocytes. For instance, the subject can be a subject 
with neutropenia. The neutropenia may be neutropenia that is the result of 
chemotherapy, radiation therapy, myelosuppressive drug treatment leukemia, aplastic 
anemia, or idiopathic neutropenia. The neutropenia may or may not be associated with 

30 sepsis or septic shock. In other embodiments, the subject is a subject with a qualitative 
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abnormality of neutrophils. For instance, the qualitative abnormality of neutrophils can 
be chronic granulomatous disease. 

In certain embodiments of the invention, the donor granulocytes are collected 
from donors who may have been treated with G-CSF to boost granulocytes numbers. In 
5 certain other embodiments, the granulocytes are purified by leukapheresis. 

In certain embodiments of the invention, the composition that is contacted with 
the donor granulocytes includes an expression cassette comprising a promoter, active in 
cells of the subject, operably linked to a polynucleotide encoding a Spi2A polypeptide or 
an Spi2A polypeptide equivalent. As previously noted, experimental techniques using 

10 expression cassettes are well-known to those of skill in the art. Some of these 
experimental techniques are discussed below. In a particular embodiment, the 
composition includes an expression cassette comprising a promoter, active in cells of the 
subject, operably linked to a polynucleotide encoding an Spi2A polypeptide. In other 
embodiments, the composition includes an expression cassette comprising a promoter, 

15 active in cells of the subject, operably linked to a polynucleotide encoding an Spi2A 
polypeptide equivalent such as any of the previously described human Spi2A polypeptide 
equivalents. In further embodiments, the Spi2A polypeptide or the Spi2A polypeptide 
equivalent includes an amino acid sequence such as one of the previously described 
amino acid sequences that are known to facilitate intracellular delivery of the protein or 

20 polypeptide sequence. 

Certain other embodiments of the invention provide for methods of preparing k 
donor granulocytes for storage, including (a) obtaining donor granulocytes from a 
suitable donor; (b) isolating the donor granulocytoes; (c) contacting the donor 
granulocytes with a composition comprising an Spi2A polypeptide or an Spi2A 

25 polypeptide equivalent and a pharmaceutical preparation suitable for delivery to the 
donor granulocytes; and storing the donor granulocytes. In other embodiments, the 
method of preparating the granulocytes for storage further involves treatment of the 
donor with C-GSF prior to obtaining granulocytes from the donor. In still other 
embodiments, the method of preparating the granulocytes for storage further involves 

30 purifying the granulocytes by leukapheresis following isolation of the granulocytes. 
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The composition can include an Spi2A polypeptide or an Spi2A polypeptide 
equivalent. 

For example, the Spi2A polypeptide equivalent can be a polypeptide from Serpin 
Bl, Serpin B2, Serpin B3, Serpin B4, Serpin B6, Serpin B8, or Serpin B9. In particular 
5 embodiments, the method of preparing the donor granulocytes for storage results in 
reduction of apoptosis of the donor granulocytes. In still other embodiments, the Spi2A 
polypeptide or Spi2A polypeptide equivalent can include a polypeptide encoding an 
amino acid TAT sequence from HIV, a polypeptide encoding an Antp amino acid 
^sequence, or a polypeptide encoding a VP22 amino acid sequence from HSV. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to 
further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the 
1 5 detailed description of specific embodiments presented herein. 

FIGS. 1A-C: NF-kB antagonizes the lysosomal pathway of cell death . FIG. 1A: 
Percentage survival of RelA MEFs treatment with TNF-a (0.5 ng/ml) and CHX (0.1 
/xg/ml) in the presence (TNF + CA-074 Me) or absence (TNF) of CA-074 Me (30 fiM). 

20 The recovery of cells was compared with those incubated with CHX alone (100% 
recovery) to determine the percentage of recovery. FIG. IB: Percentage survival of 
RelA ' A MEFs transduced by retrovirus encoding GFP alone or Rel A. The recovery of 
cells after 16 h was compared with those incubated with CHX alone (0.1 /xg/ml) to 
determine the percentage of recovery (100% recovery). FIG. 1C: Cathepsin B activity 

25 in crude cytoplasmic extracts from RelA MEFs transduced by retrovirus encoding GFP 
alone or RelA after treatment with TNF-a (0.2ng/ml) and CHX (0.1 iig/ml). This 
experiment is representative of two independent experiments. 

FIGS. 2A-C. Induction of Spi2A by NF-kB protects from TNF-a -mediated death . FIG. 
30 2A: Northern blots of mRNA from MEFs treated with TNF-a (0.2ngml _1 ) and CHX (0.1 
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/xg/ml). FIG. 2B: Percentage survival of RelA " A MEFs transduced by retrovirus 
encoding GFP alone or Spi2A. The recovery of cells after 16 h was compared with those 
incubated with CHX alone (100% recovery) to determine the percentage of recovery. 
FIG. 2C: Western blot detection of Spi2A from GFP and Spi2A clones of RelA 7 " MEF 
5 cells and correlation with survival after treatment with TNF-a (1 ng/ml) and CHX (0.1 
/ig/ml). 

FIGS. 3A-B. Spi2A is required for the protection of wild-type MEFs from TNF-o? - 
induced death . FIG. 3A: Quantitation of endogenous Spi2A mRNA levels by real-time 
10 PCR in cloned RelA +/+ MEFs transduced by retrovirus encoding GFP alone or anti-sense 
Spi2A (Spi2A-A) 4 h after treatment with TNF-a (10 ng/ml) and CHX (10 ^ig/ml). FIG. 
3B: Percentage survival of GFP clones and Spi2A-A clones of RelA +/+ MEFs 16 h after 
treatment with TNF-a and CHX (10 jLig/ml). 

15 FIG. 4. Percentage survival of GFP and SpiA-A clones of RelA +/+ MEFS 24 h after 
treatment with TNF-a (100 ng/ml). 

FIGS. 5A-D. Spi2A inhibits apoptosis induced by TNF-a . FIG. 5A: Western blots 
showing the proteolytic activation of effector molecules from RelA _/ " MEFs - GFP (clone 
20 11) or Spi2A (clone 4) - after treatment with TNF-a (0.2 ng/ml) and CHX (0.1 /xg/ml). 
Filled arrows indicate inactive pro-form and open arrows indicate active form of each 
protein. RelA * A MEFs - GFP (clone 11) or Spi2A (clone 4) - were treated with TNF-a 
and CHX as above and the following measured: FIG. 5B: caspase activity; FIG. 5C: 
mitochondrial depolarization; and FIG. 5D: ROS. 

25 

FIGS. 6A-B. The protease specificity of Spi2A . FIG. 6A: SDS-PAGE showing Spi2A 
(lane P- 53kD) purified from lysates (lane L) of RelA " /_ MEFs transduced with retrovirus 
encoding Spi2A-3xFLAG. FIG. 6B: Inhibition of proteases by Spi2A. The activity of 
protease after pre-incubation with Spi2A was compared with activity from protease 
30 incubated alone (0% inhibition) and was ± SEM from 3-4 independent experiments with 
assays performed in duplicate. 
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FIGS. 7A-C. Spi2A antagonizes the lysosomal pathway of cell death . FIG. 7A: 
Cathepsin B activity in crude cytoplasmic extracts from cloned RelA 7 " MEFs transduced 
by retrovirus encoding GFP alone or Spi2A after treatment with TNF-of and CHX as 
5 described before. FIG. 7B: Percentage survival of GFP and Spi2A clones of Rel A " A 
MEFs 2 h after treatment with sphingosine. FIG. 7C: Cathepsin B activity in crude 
cytoplasmic extracts from cloned RelA +/+ MEFs transduced by retrovirus encoding GFP 
alone or anti-sense Spi2A (Spi2A-A) after treatment with TNF-a (10 ng/ml) and CHX 
(10/xg/ml). 

10 

FIG. 8. Spi2A offers partial protection of lysosomal de-acidification in RelA +/+ MEFs . 
RelA" 7 " MEFs were transduced by retrovirus encoding GFP alone or Spi2A as indicated 
by the percentage AO-low cells after treatment with TNF-a (0.2 ng/ml) and CHX (0.1 
/xg/ml). The percentage of intact lysosomes was determined by staining with AO as has 
15 been described previously (Zhao et aL, 2000). Briefly, cells were incubated with AO (5 
j*g/ml), washed and collected for flow cytometric assessment of uptake into intact 
lysosomes as indicated by red fluorescence (FL3 channel). 

FIGS. 9A-B. Spi2A protects NIH3T3 cells from caspase-independent death induced by 
20 TNF-a . FIG. 9A: Percentage survival of NIH3T3 cells after treatment with Z-VAD.fmk 
(50 (iM) alone or TNF-a: (10 ng/ml) alone or both. The recovery of cells after 16 h was 
compared with those incubated alone (100 % recovery) to determine the percentage of 
recovery. FIG. 9B: Percentage survival of clones of NIH3T3 cells transduced with 
retrovirus encoding GFP alone (GFP) or Spi2A (Spi2A cells) after treatment with TNF-a 
25 + Z-VAD.fink(50/xM). 

FIGS. 10A-B. Spi2A is a physiological inhibitor of caspase-independent death . FIG. 
10A: Quantitation of endogenous Spi2A mRNA levels by real-time PCR in cloned 
NIH3T3 cells transduced by retrovirus encoding GFP alone (GFP clones) or anti-sense 
30 Spi2A (Spi2A-A clones) 4 h after treatment with either Z-VAD.fmk (50 fiM) or Z- 

25383653.1 

-15- 



VAD.fmk + TNF-a (10 ng/ml). FIG. 10B: Percentage survival of cloned GFP or Spi2A- 
A NIH3T3 cells after treatment with TNF-a + Z- VAD.fmk (50 /*M). 

FIGS. 11A-B. Spi2A inhibits mitochondrial PCD in the absence of caspase activity . 
5 Cloned GFP or Spi2A-A NIH3T3 cells were treated with TNF-a (10 pg/ml) + Z- 
VAD.ftnk (50 fM) then FIG. 11A: mitochondrial depolarization, and FIG. 11B: ROS 
production measured over time. 

FIGS. 12A-B: Spi2A inhibits the lysosomal pathway of death in the absence of caspase 
10 activity . FIG. 12 A: Cathepsin B activity in crude cytoplasmic extracts from cloned GFP 
or Spi2A-A NIH3T3 cells before (time = 0 h) or after (time = 8 h) treatment with TNF-a 
+ Z- VAD.fmk (50 /xM). FIG. 12B: Spi2A protects NIH3T3 cells from death due to 
reactive oxygen species . NIH3T3 fibroblasts from independent clones harboring control 
retrovirus (GFP clones #, 18, 12 and 2) or one expressing Spi2A (Spi2A clones# 6, 4 and 
15 2) were incubated with Naphazarin - a known initiator of Reactive Oxygen Species 
(ROS). After 16 hours, the percentage of live cells was determined by flow cytometry as 
described in Liu et al. (2003). A significantly increased survival of cells from all three 
clones expressing Spi2A compared to GFP controls was observed. 

20 FIGS. 13A-B. Gene expression in CD8 cell populations . FIG. 13 A: Splenocytes were 
isolated from uninfected C57BL/6 mice (naive) or either 8d (effector) or > 80 d 
(memory) after infection with LCMV. Naive (CD44 low CD8 + ) cells were directly isolated 
from splenocytes and purified by FACS using antibodies. Splenocytes isolated from 
infected mice were first enriched for T cells then stained with H-2D b tetramers loaded 

25 with all three immunodominant LCMV peptides and anti-CD8ct mAb. The percentages 
of each population prior to and after FACS are indicated. FIG. 13B: Real-time PCR 
analysis was performed on cDNA generated from purified CD8 cells. Data are reported 
as a ratio of the amount of expression of the candidate gene compared to that of the 
housekeeping cyclophilin A control gene. For a given candidate gene, the black and 

30 white histograms represent RNA ratios from cells purified from two independent 
experiments. Gene name abbreviations are: Granzyme B (Grn B), Fas Ligand (FasL), C- 
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C chemokine receptor 5 (CCR5), Lipopolysaccharide-induced Tumor necrosis factor 
activation factor (LITAF), Serine protease inhibitor 2A (Spi2A), C-C chemokine ligand 9 
(CCL9), Presenilin 2 (PS2), Major histocompatibility complex I-A a b (MHC II). Brackets 
connecting paired histograms indicate statistically significant differences in gene 
5 expression between CD8 populations (***/?<0.001, **p<0.01, */?<0.05). 

FIGS. 14A-B. Modulation of Spi2A expression in bone-marrow chimeras . CD8- 
deficient C57BL/6 mice were re-constituted with bone-marrow progenitors transduced 
with recombinant MIGR1 (GFP, Spi2A or Spi2A-A mice). Chimeras with a high level of 

10 transduced leucocytes (> 40% PBLs GFP + ) were infected with LCMV. FIG. 14A: 
FACS purification of GFP + CD8 + spleen cells 8d after the infection of GFP-mice with 
LCMV. FIG. 14B: The relative level of Spi2A mRNA from FACS purified CD8 cells. 
The bar indicates the mean level of Spi2A mRNA from multiple individual mice. Real- 
time PCR was used to determine the relative level of sense Spi2A mRNA. The mean 

15 levels of Spi2A mRNA in CD8 cells from Spi2A and Spi2A-A mice were significantly 
higher and lower compared to CD8 cells from GFP mice respectively. 

FIG. 15. Kinetics of anti-LCMV CD8 cell expansion and contraction in bone-marrow 
chimeras . Wild-type C57BL/6 bone-marrow was transduced with control GFP retrovirus 

20 and adoptively transferred into lethally irradiated (1200 rads) C57BL/6 CD8-deficient 
mice (1.5-2.0 x 10 6 cells/mouse). After either 8 or 16 weeks, the level of reconstitution 
was determined by measuring the percentage of CD8 cells in PBLs. After 8 weeks, 
chimeras were reconstituted to about 50% of the level of age-matched wild-type 
C57BL/6 control mice and after 16 weeks chimeras were fully reconstituted (100% of 

25 control level). Chimeras (8 week or 16 week) and control wild-type C57BL/6 mice were 
infected with LCMV Armstrong (2 x 10 5 pfu/mouse) and the level of anti-LCMV CD8 
cells was determined in PBLs staining with a H-2D b -tetramer cocktail and then FACS. 
The kinetics of anti-LCMV CD8 cell expansion and contraction in wild-type C57BL/6 
mice was the same as has been observed by others (Murali-Krishna et al. 9 1998; Murali- 

30 Krishna et at., 1999). That is to say, a peak level of about 18% LCMV-specific CD8 cells 
after 8 days, a contraction phase that lasted until about day 30, and a residual level of 
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about 2% LCMV-specific CD8 cells, which was about 11% of the peak level, were 
observed. Fully reconstituted week 16 bone-marrow chimeras exhibited the same 
kinetics of anti-LCMV CD8 cell expansion and contraction as wild-type C57BL/6 mice. 
Partially reconstituted week 8 bone-marrow chimeras exhibited altered kinetics of anti- 
5 LCMV CD8 cell expansion and contraction, with a delayed (day 14) but higher peak 
level and a prolonged contraction phase. The residual level of 2% LCMV- specific CD8 
cells was about 4% of the peak level. Importantly, all week 8 chimeras (GFP, Spi2A, 
Spi2A-A) that were analyzed in a given infection were generated from the same number 
of bone-marrow precursors at the same time and so are matched for the degree of CD8 
10 cell reconstitution and therefore show similar kinetics of anti-LCMV CD8 cell expansion 
and contraction. Week 8 rather than week 16 chimeras were chosen for infection because 
it allowed for performance of more experiments in a shorter period of time. 

FIGS. 16A-D. Spi2A determines the level of antigen-specific CD8 cells after infection 
15 with LCMV . Bone-marrow chimeras (GFP, Spi2A or Spi2A-A) were infected with 
LCMV and the level of virus specific CD8 cells was determined by staining PBLs with 
tetramers and anti-CD8a mAbs then FACS. FIG. 16A: GFP-positive cells (transduced 
with retrovirus) were detected by FACS and the percentage of anti-LCMV CD8 
(tetramer* CD8 *) cells of the GFP-positive population was determined by the mean ± 
20 SEM from 5-6 mice at each time point. FIG. 16B: Residual level of anti-LCMV CD8 
cells was determined as the percentage of the level after 98 days of the maximum level 
after 14 days from FIG. 16 A. The residual level of anti-LCMV CD8 cells was 
significantly higher in Spi2A and lower in Spi2A-A mice compared to GFP controls. All 
of these data are representative of one of two independent experiments. FIG. 16C: 
25 Percentage of tetramer* CD8 + of total CD8 + cells within the GFP-positive population of 
PBLs from the experiment described in part A. FIG. 16D: Percentage of anti-LCMV 
CD8 cells of the GFP-negative (not transduced with retrovirus) population from the 
experiment described in FIG. 16A. 

30 FIG. 17. Spi2A affects the level of LCMV-specific CD8 cells . Bone-marrow chimeras 
(GFP, Spi2A or Spi2A-A) were infected with LCMV and the level of virus specific CD8 
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cells was determined by staining PBLs with tetramers and anti-CD8a mAbs then FACS. 
GFP-positive cells (transduced with retrovirus) were detected by FACS and the 
percentage of anti-LCMV CD8 (tetramer + CD8 *) cells of the GFP-positive population 
was determined by the mean ± SEM from 5-6 mice at each time point. A decrease in the 
5 level of anti-LCMV CD8 cells at the peak response on day 14 and thereafter was 
observed in Spi2A-A mice compared to GFP controls. However, Spi2A mice exhibited 
an elevated level of anti-LCMV CD8 cells during the contraction and memory phases. 

FIG. 18. Spi2A affects the contraction phase of anti-LCMV CD8 cells . The level of anti- 
10 LCMV CD8 cells present 56 days after infection was expressed as a percentage of the 
maximum level on day 14 to determine the residual level (data from FIG. 17). Compared 
to GFP controls, a significantly (p< 0.001) higher residual level in Spi2A mice and a 
significantly lower level in Spi2A-A mice (p< 0.01) were observed. These findings are 
similar to those in FIG. 16D, but from another independent experiment. 

15 

FIG. 19. The effect of Spi2A on the levels of memory and recall CD8 cells after 
infection with LCMV . Bone-marrow chimeras (GFP, Spi2A and Spi2A-A mice) were 
infected with LCMV and ex vivo IFN-y. production assays were performed to detect 
memory CD8 cells 101 d after primary infection with LCMV (memory). In another 
20 experiment, 60d after primary infection with LCMV, mice were re-infected and after 5 d 
the level of secondary effectors determined (recall). The percentages of IFN-y + CD8 + 
cells in the GFP-positive (+) and negative (-) populations are indicated. IFN-y + CD8 + 
cells could not be detected in spleen cells from un-infected C57BL/6 mice. 

25 FIGS. 20A-F. Spi2A determines the level of anti-LCMV memory and recall effector 
CD8 cells . Bone-marrow chimeras (GFP, Spi2A and Spi2A-A mice) were infected with 
LCMV as described in FIG. 19. FIG. 20A: The mean percentage of IFN-y + CD8 + 
memory cells (bar) was significantly higher in Spi2A mice (n= 6) and lower in Spi2A-A 
mice (n=5) than in GFP control mice (n=6). FIG. 20B: Percentage of EFN-y + CD8 + of 

30 CD8 + cells within the GFP-positive splenocytes from the experiment described in part A. 
FIG. 20C: The percentage of IFN-y + CD8 + memory cells of GFP-negative splenocytes 
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from FIG. 20A showed no significant differences among the three chimera groups. FIG. 
20D: The mean percentage of EFN-y + CD8 + recall effector cells was significantly higher 
in Spi2A mice (n= 4) and lower in Spi2A-A mice (n=4) than in GFP control mice (n=4). 
These data are representative of one of two independent experiments. FIG. 20E: 
5 Percentage of EFN-y + CD8 + of CD8 + cells within the GFP-positive splenocytes from the 
experiment described in FIG. 20C. FIG. 20F: The percentage of IFN-y + CD8 + recall 
cells of GFP-negative splenocytes from FIG. 20D shows no significant differences 
among the three chimera groups. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

10 The present invention seeks to exploit the inventor's discovery by providing for 

methods and compositions for simultaneously inhibiting both the caspase pathway and 
caspase-independent pathway of cell death using Spi2A polypeptides and mimetics of 
Spi2A polypeptides. These methods and compositions can be used in a wide variety of 
therapeutic contexts. For example, inhibition of cell death using Spi2A polypeptides or 

15 Spi2A polypeptide equivalents can be used in the treatment of diseases associated with 
cell death, such as septic shock and myocardial infarction. In another example, Spi2A 
polypeptides or Spi2A polypeptide equivalents can be used to inhibit apoptosis in donor 
granulocytes that are in preparation for delivery to a recipient. 

20 A. Spi2A 

1. Spi2A Polypeptides and Fusion Proteins 

The present invention pertains to use of Spi2A polypeptides or Spi2A polypeptide 
equivalents in various contexts. For example, various embodiments of the present 
25 invention pertain to methods for modulating cell death comprising contacting a cell with 
an Spi2A polypeptide or a Spi2A polypeptide equivalent. Other embodiments pertain to 
methods of treating a subject which include administering to the subject a composition 
that further includes an Spi2A polypeptide or a Spi2A polypeptide equivalent. Further 
embodiments of the present invention relate to methods of preparing donor granulocytes 
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for delivery to a subject, involving contacting the donor granulocytes with a composition 
that includes an Spi2A polypeptide or a Spi2A polypeptide equivalent. 

Throughout this application, the term "Spi2A polypeptide" is intended to refer to 
a murine Spi2A polypeptide. The full-length amino acid sequence of murine Spi2A is 
5 provided herein, and is designated SEQ ED NO:2. 

The Spi2A polypeptide is a consecutive amino acid segment of SEQ ID NO:2 that 
is of any length, including the full length sequence of SEQ ID NO:2. For example, the 
Spi2A polypeptide can be a polypeptide that includes 4, 5, 10, 15, 20, 25, 30, 50, 100, 
200, 300, 400, 500, 1000 or any number of consecutive amino acids of SEQ ID NO:2. 

10 One of ordinary skill in the art would understand how to generate a Spi2A polypeptide in 
view of the disclosure of SEQ ID NO:2 using any of a number of experimental methods 
well-known to those of skill in the art. 

It is well understood by the skilled artisan that, inherent in the definition of a 
"Spi2A polypeptide equivalent," is the concept that there is a limit to the number of 

15 changes that may be made within a defined portion of the molecule and still result in a 
molecule with an acceptable level of equivalent biological activity, e.g., ability of Spi2A 
to modulate cell death. "Spi2A polypeptide equivalent" is thus defined herein as any 
Spi2A polypeptide in which some, or most, of the amino acids may be substituted so long 
as the polypeptide retains substantially similar activity in the context of the uses set forth 

20 herein. 

An amino acid sequence of any length is contemplated within the definition of 
Spi2A polypeptide equivalent, so long as the polypeptide retains an acceptable level of 
equivalent biological activity. For example, a Spi2A polypeptide equivalent that is 
anticipated to have an acceptable level of equivalent biological activity of Spi2A includes 

25 polypeptides having the amino acid sequence MAGVGCCA (SEQ ID NO: 10) or 
polypeptides having the amino acid sequence FVVAECCM (SEQ ID NO: 11). These 
amino acid sequences are part of Spi2A and PI9, respectively. The Spi2A polypeptide 
equivalents may include all or part of these amino acid sequences. For example, the 
Spi2A polypeptide equivalent may include 8, 7, 6, 5, or 4 consecutive amino acids from 

30 either of these amino acid sequences. The orientation of these consecutive amino acids in 
the Spi2A polypeptide equivalent may be forward or reverse. Further, Spi2 A polypeptide 
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equivalents includes polypeptides containing these amino acid sequences that have 
additional amino acids at either the C-terminal or N-terminal end. For example, the 
Spi2A polypeptide equivalent may include a total of greater than 1000, 500-1000, 400- 
499, 300-399, 200-299, 100-199, 80-99, 60-79, 50-59, 40-49, 30-39, 20-29, 10-19, 9, 8, 
5 7, 6, 5, or 4 amino acid residues, as long as there remains an acceptable level of 
equivalent biological activity of Spi2A. 

Of course, a plurality of distinct proteins/polypeptides/peptides with different 
substitutions may easily be made and used in accordance with the invention. 
Additionally, in the context of the invention, an Spi2A polypeptide equivalent can be a 

10 Spi2A homologue polypeptide from any species or organism, including, but not limited 
to, a human polypeptide. One of ordinary skill in the art will understand that many 
Spi2A polypeptide equivalents would likely exist and can be identified using commonly 
available techniques. Particular examples of Spi2A equivalents in human include serpin 
Bl (M/NEI; GenBank accession number AAC31394; herein SEQ ID NO:3), serpin B2 

15 (PAI-2; GenBank accession number NP 002566; herein SEQ ID NO:4), serpin B3 
(SCCA-1; GenBank accession number AAA86317; herein SEQ ID NO:5), serpin B4 
(SCAA 2; GenBank accession number XP 209106; herein SEQ ID NO:6), serpin B6 
(PI6; GenBank accession number NP 004559; herein SEQ ID NO:7), serpin B8 (PI8; 
GenBank accession number NP 002631; herein SEQ ID NO:8), and serpin B9 (PI9; 

20 GenBank accession number AAH02538; herein SEQ ID NO:9). Of course, any Spi2A 
homologue polypeptide may be substituted in some, even most, amino acids and still be 
an "Spi2A polypeptide equivalent," so long as the polypeptide retains substantially 
similar activity in the context of the uses set forth herein. 

These human amino acid sequences have an amino acid identity of about 40% 

25 with murine Spi2A (SEQ ID NO:2), and a chemical identity (presence of identical or 
chemically similar amino acids) of about 60-70%, indicating that they are biologically 
equivalent polypeptides to Spi2A. Therefore, these human polypeptides are Spi2A 
equivalent polypeptides because only certain amino acids are substituted when compared 
to Spi2A. 

30 The present invention may utilize Spi2A polypeptides or Spi2A polypeptide 

equivalents purified from a natural source or from recombinantly-produced material. 
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Those of ordinary skill in the art would know how to produce these polypeptides from 
recombinantly-produced material. This material may use the 20 common amino acids in 
naturally synthesized proteins, or one or more modified or unusual amino acids. 
Generally, "purified" will refer to an Spi2A composition that has been subjected to 
5 fractionation to remove various other proteins, polypeptides, or peptides, and which 
composition substantially retains its activity. Purification may be substantial, in which 
the Spi2A polypeptide or equivalent is the predominant species, or to homogeneity, 
which purification level would permit accurate degradative sequencing. 

Amino acid sequence mutants of Spi2A also are encompassed by the present 

10 invention, and are included within the definition of "Spi2A polypeptide equivalent." 
Amino acid sequence mutants of the polypeptide can be substitutional mutants or 
insertional mutants. Insertional mutants typically involve the addition of material at a 
non-terminal point in the peptide. This may include the insertion of a few residues; an 
immunoreactive epitope; or simply a single residue. The added material may be modified, 

15 such as by methylation, acetylation, and the like. Alternatively, additional residues may 
be added to the N- terminal or C-terminal ends of the peptide. 

Amino acid substitutions are generally based on the relative similarity of the 
amino acid side-chain substituents, or example, their hydrophobicity, hydrophilicity, 
charge, size, and the like. An analysis of the size, shape and type of the amino acid side- 

20 chain substituents reveals that arginine, lysine and histidine are all positively charged 
residues; that alanine, glycine and serine are all a similar size; and that phenylalanine, 
tryptophan and tyrosine all have a generally similar shape. Therefore, based upon these 
considerations, arginine, lysine and histidine; alanine, glycine and serine; and 
phenylalanine, tryptophan and tyrosine; are defined herein as biologically functional 

25 equivalents. 

Amino acid substitutions are generally based on the relative similarity of the 
amino acid side-chain substituents, or example, their hydrophobicity, hydrophilicity, 
charge, size, and the like. An analysis of the size, shape and type of the amino acid side- 
chain substituents reveals that arginine, lysine and histidine are all positively charged 
30 residues; that alanine, glycine and serine are all a similar size; and that phenylalanine, 
tryptophan and tyrosine all have a generally similar shape. Therefore, based upon these 
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considerations, arginine, lysine and histidine; alanine, glycine and serine; and 
phenylalanine, tryptophan and tyrosine; are defined herein as biologically functional 
equivalents. 

In making changes, the hydropathic index of amino acids may be considered. 
5 Each amino acid has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characteristics, these are: isoleucine (+4.5); valine (+4.2); 
leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); 
proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 

10 asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

The importance of the hydropathic amino acid index in conferring interactive 
biological function on a protein is generally understood in the art (Kyte and Doolittle, 
1982, incorporated by reference herein). It is known that certain amino acids may be 
substituted for other amino acids having a similar hydropathic index or score and still 

15 retain a similar biological activity. In making changes based upon the hydropathic index, 
the substitution of amino acids whose hydropathic indices are within + 2 is preferred, 
those which are within +1 are particularly preferred, and those within + 0.5 are even more 
particularly preferred. 

It is understood that an amino acid can be substituted for another having a similar 

20 hydrophilicity value and still obtain a biologically equivalent protein. As detailed in U.S. 
Patent 4,554,101, the following hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate (+3.0 + 1); serine 
(+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 + 
1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine 

25 (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

In making changes based upon similar hydrophilicity values, the substitution of 
amino acids whose hydrophilicity values are within + 2 is preferred, those which are 
within + 1 are particularly preferred, and those within + 0.5 are even more particularly 
preferred. 

30 Certain embodiments of the present invention utilize fusion proteins that are 

preferentially translocated through biological membranes. In particular, the Spi2A 
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polypeptide, functional Spi2A equivalent, or mutant Spi2A may be fused to a particular 
protein, polypeptide, or peptide sequence that promotes facilitated intracellular delivery 
of the fusion protein into the targeted cell. Although any fusion protein with the 
property of facilitated intracellular delivery is contemplated by the present invention, 
5 specific examples include fusion proteins utlizing the HIV TAT sequence (Nagahara 
etal, 1998), the third helix of the Antennapedia homeodomain (Antp) (Derossi et ai, 
1994), and the HSV-1 structural protein VP22 (Elliott and O'Hare, 1997). 

2. Spi2A-Encoding Polynucleotides 

10 Various aspects of the present invention require polynucleotides encoding an 

Spi2A polypeptide or an Spi2A polypeptide equivalent. For example, various 
embodiments include methods for modulating cell death that involve contacting the cell 
with an expression cassette that includes a promoter that is active in the cell, operably 
linked to a polynucleotide encoding either an Spi2A polypeptide or an Spi2A polypeptide 

15 equivalent. In other embodiments, the invention pertains to methods for treating a 
subject that include administering to the subject a composition that includes an 
expression cassette operably inked to a polynucleotide encoding either an Spi2A 
polypeptide or an Spi2A polypeptide equivalent. In still other embodiments, the 
invention includes methods of preparing donor granulocytes for delivery to a subject that 

20 involve contacting the donor granulocytes with an expression cassette that includes a 
promoter that is active in the granulocytes, operably linked to a polynucleotide encoding 
either an Spi2A polypeptide or an Spi2A polypeptide equivalent. 

The polynucleotide encoding the full length amino acid sequence of murine 
Spi2A is provided herein as SEQ ID NO: 1 . The polynucleotides according to the present 

25 invention may encode an entire Spi2A sequence (for example, the amino acid sequence 
of SEQ ID NO:2), a functional Spi2A protein domain, an Spi2A polypeptide, or an 
Spi2A polypeptide equivalent. The polynucleotides may be derived from genomic DNA, 
i.e., cloned directly from the genome of a particular organism. 

In other embodiments, however, the polynucleotides may be complementary 

30 DNA (cDNA). cDNA is DNA prepared using messenger RNA (mRNA) as a template. 
Thus, a cDNA does not contain any interrupted coding sequences and usually contains 
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almost exclusively the coding region(s) for the corresponding protein. In other 
embodiments, the polynucleotide may be produced synthetically. 

It may be advantageous to combine portions of the genomic DNA with cDNA or 
synthetic sequences to generate specific constructs. For example, where an intron is 
5 desired in the ultimate construct, a genomic clone will need to be used. Introns may be 
derived from other genes in addition to Spi2A. The cDNA or a synthesized 
polynucleotide may provide more convenient restriction sites for the remaining portion of 
the construct and, therefore, would be used for the rest of the sequence. 

The present invention is not limited to SEQ ID NO:l (Le. 9 the polynucleotide 

10 encoding murine Spi2A), but includes polynucleotides encoding any Spi2A polypeptide 
equivalent (discussed above). These polynucleotides encoding Spi2A polypeptide 
equivalents may be naturally-occuring homologous polynucleotide sequences from other 
organisms. For example, polynucleotides encoding Spi2A polypeptide equivalents 
include those polynucleotides encoding the human amino acid functional equivalent 

15 sequences previously described (i.e., SEQ ID NO. 3 - SEQ ED NO. 9). These sequences 
are provided by way of example, and are not meant to be a summary of all available 
Spi2A polypeptide equivalents. A person of ordinary skill in the art would understand 
that commonly available experimental techniques can be used to identify or synthesize 
polynucleotides encoding other Spi2A polypeptide equivalents. The present invention 

20 also encompasses chemically synthesized mutants of these sequences. 

Another kind of sequence variant results from codon variation. Because there are 
several codons for most of the 20 normal amino acids, many different DNAs can encode 
the Spi2A. Reference to the following table will allow such variants to be identified. 
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TABLE 1 



Amino Acids 


Codons 


Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 


Cysteine 


Cys 


C 


UGC 


UGU 






Aspartic acid 


Asp 


D 


GAC 


GAU 






Glutamic acid 


Glu 


E 


GAA 
UUC 
GGA 


GAG 






Phenylalanine 


Phe 


F 


uuu 






Glycine 


Gly 


G 


GGC 


GGG 


GGU 


Histidine 


His 


H 


CAC 


CAU 






Isoleucine 


He 


I 


AUA 


AUC 


AUU 




Lysine 


Lys 


K 


AAA 


AAG 






Leucine 


Leii 


L 


UUA 


UUG 


CUA 


cue 


Methionine 


Met 


M 


AUG 








Asparagine 


Asn 


N 


AAC 


AAU 






Proline 


Pro 


P 


CCA 


ccc 


CCG 


ecu 


Glutamine 


Gin 


Q 


CAA 


CAG 






Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


Serine 


Ser 


S 


AGC AGU 


UCA 


UCC 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 


Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 


Tryptophan 


Trp 


W 


UGG 








Tyrosine 


Tyr 


Y 


UAC 


UAU 







Allowing for the degeneracy of the genetic code, sequences that have between 
about 50% and about 75%, or between about 76% and about 99% of nucleotides that are 
identical to the nucleotides disclosed herein will be preferred. Sequences that are within 
the scope of "a polynucleotide encoding a Spi2A polypeptide" or "functional equivalent 
Spi2A polypeptide" are those that are capable of base-pairing with a polynucleotide 
segment set forth above under intracellular conditions. 

As stated above, the Spi2A encoding sequences may be full length genomic or 
cDNA copies, or large fragments thereof. The present invention also may employ shorter 
oligonucleotides of Spi2A. Sequences of 12 bases long should occur only once in the 
human genome and, therefore, suffice to specify a unique target sequence. Although 
shorter oligomers are easier to make and increase in vivo accessibility, numerous other 
factors are involved in determining the specificity of base-pairing. Both binding affinity 
and sequence specificity of an oligonucleotide to its complementary target increases with 
increasing length. It is contemplated that oligonucleotides of 8, 9, 10, 11, 12, 13, 14, 15, 
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16, 17, 18, 19 or 20 base pairs will be used, for example, in the preparation of Spi2A 
mutants and in PCR reactions. 

In certain embodiments, one may wish to employ constructs which include other 
elements, for example, those which include C-5 propyne pyrimidines. Oligonucleotides 
5 which contain C-5 propyne analogues of uridine and cytidine have been shown to bind 
RNA with high affinity (Wagner et ai 9 1993). 

B. Targeted Diseases and Conditions 

The present invention contemplates methods of treating a subject that includes 

10 administering to the subject a composition that includes an Spi2A polypeptide or an 
Spi2A polypeptide equivalent in a pharmaceutical preparation suitable for delivery to the 
subject. The subject can be a patient with a disease wherein cell death plays a prominent 
role in the pathophysiology. The cell death can be by any mechanism. For example, cell 
death can be the result of apoptosis, necrosis, lysosomal instability, ROS, and abnormal 

1 5 cysteine protease activity. 

In a preferred embodiment the Spi2A polypeptides and Spi2A polypeptide 
equivalents are used to prevent cell death due to apoptosis or necrosis. Necrosis and 
apoptosis are morphologically distinct forms of cell death that underlie the pathogenesis 
of all disease. Apoptosis occurs through the activation of an intrinsic cell suicide 

20 program to remove seriously damaged, potentially dangerous, infected and unwanted 
cells. However, an inapproproately activated program can lead to a number of 
pathological conditions, such as cancer, neurodegenerative disorders, AIDS, 
autoimimune disorders and viral infections (Turk et al. 9 2002; Steller, 1995). Necrosis is 
caused by any noxious stimuli that results in irreversible distruption of cellular 

25 homeostatic mechanisms (Kerr et aL, 1972). The morphological changes that are 
associated with necrosis result from the progressive degradative action of enzymes on the 
lethally injured cells. In terms of pathology, the critical difference between necrosis and 
apoptosis is that the former does not require the active participation of the cell in it's own 
demise. In many diseases, tissue injury is caused by both apoptosis and necrosis. Thus, 

30 Spi2A polypeptides and Spi2A polypeptide equivalents are used to prevent cell death in a 
wide range of diseases. In addition, Spi2A and Spi2A equivalents can be used to prevent 
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apoptosis and necrosis of ex vivo normal cells. For instance, these agents can be used to 
prevent cell death of donor granulocytes during the process of preparation of the 
granulocytes for transfusion and storage. 

Any disease or condition wherein there is an excessive rate of cell death is 
5 contemplated. Examples include myocardial infarction (MI), septic shock and liver 
disease. 

1 . Myocardial Infarction 

Acute MI is caused by coagultive necrosis of myocardiocytes following severe 
10 ischemia. Patients with acute MI will be treated by intravenous injection or direct cardiac 
injection with TAT-Spi2A polypeptides or TAT-Spi2A polypeptide equivalents at the 
same time they receive thrombolytic therapy to alleviate myocardial ischemia (White and 
Van der Werf, 1998). This will be optimally within 24 hours after the patient presents so 
as to protect from coagultaive necrosis and reduce infarct size. The treatment of chronic 
15 MI by TAT-Spi2A polypeptides or TAT-Spi2A polypeptide equivalents will follow the 
same protocol. The response to the agent will be monitored by measuring the reduction in 
ischemic necrosis of the myocardium. Thus, the serum levels will be mointored by a 
lowering of myocyte proteins: creatine kinase, troponin I and troponin T (Schoen, 1999). 
A reduction in infarct size will be verified by at least one of the following 
20 echocardiology, radioisotype studies, nuclear magnetic resonance and perfusion 
scintography. 

Standard treatmant for MI is to alleviate ischemic coagulative necrosis by restoring 
blood flow to the myocardium (reperfusion). This causes additional injury through the 
production of ROS that cause necrosis (Kloner et al y 1998). Administration of TAT- 
25 Spi2A polypeptides or TAT-Spi2A polypeptide equivalents as described above may also 
be used to treat reperfusion injury of myocardial tissue. 

2. Septic Shock 

Sepsis is caused by the response of inflammatory leukocytes, notably macrophages, 
30 to systemic infection with bacteria or fungi. Systemic production of the pro-inflamatory 
cytokines TNF-ot, IL-1 and IL-6 by macrophages give rise to sepsis and septic shock. A 
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critical event is the injury of blood vessels caused by the necrotic and apoptotic death of 
endothelial cells by TNF-oc. This leads to excessive coagulation in blood vessels and a 
restriction of blood flow to vital organs. If untreated severe sepsis causes cardiovascular 
collapse and systemic hypoperfusion (septic shock) which leads to the shut down of vital 
5 oragns and death of the patient. Certain embodiments of the invention pertain to systemic 
application of TAT-Spi2 A polypeptides and TAT-Spi2 A polypeptide in the treatment of 
patients with severe sepsis. For example, the criteria for selecing patients and protocol of 
administration may be as described for use of the sepsis drug, Xigris (Sollet and Garber, 
2002; Laterre and Heiselman, 2002). It is anticipated that this would prevent coagulation 
10 of blood in vessels servicing vital organs by protecting endothelial cells from death 
would prevent ischemic necrosis in organs with impaired blood flow. Response to the 
agent can be monitored by a resoration in normal blood pressure and diminished patient 
morbidity. 

15 3. Liver Disease 

Hepatic failure and cirrhosis are caused by massive hepatocyte necrosis and 
apoptosis. There are several causes for hepatocyte necrosis which include fulminant viral 
hepatitis (with hepatits A, B, C, D, E and G virus), drugs, chemicals and alcohol 
(Crawford, 1999). Embodiments of the invention pertain to treatment of hepatic failure 
20 and cirrohsis by the administration of Spi2A polypeptides and Spi2A polypeptide 
equivalents by intravenous injection. The goal of treatment is to reduce hepatocyte 
necrosis and apoptosis and prevent hepatic failure and cirrhosis. The effect of the agent 
will be measured by the lowering of serum levels of heaptocyte proteins such as 
transaminases and a reduction in patient jaundice. 

25 

4. Diseases Associated with Abnormal Lysosomal Cysteine Protease 
Activity 

In view of the inventor's discovery that Spi2A polypeptides and Spi2A polypeptide 
equivalents can be used to inhibit the human cysteine cathespins B, L, V, K and H, the 
30 invention can be applied in the treatment of any disease or condition associated with 
abnormal cysteine protease activity. As previously discussed in this specification, a 
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number of diseases are associated with lysosomal cysteine proteases. Examples include 
cathepsin K in oestoclasts causing oestoporosis and cathespins K, L and S in 
inflammatory cells causing emphysema (Turk et al. 9 2002). Treatment of these 
conditions would be acheieved by the intravenous application of Spi2A polypeptides and 
5 Spi2A polypeptide equivalents. Therefore, treatment of any disease associated with 
lysosomal cysteine proteases is contemplated by the present invention. 

5. Method of Preparing Donor Granulocytes 

A method of preparing donor granulocytes for delivery to a subject in need of 

10 granulocyte donation is also contemplated by the present invention. Current methods of 
preparing donor granulocytes for transfusion are known to be associated with 
granulocytes death due to apoptosis (Brach et al. 1992). The present invention is directed 
at alleviating the apoptotic cell death associated with the preparation and storage of donor 
granulocytes for transfusion (Leavy et al, 2000). It is anticipated that preservation 

15 during storage after 48 hours or more will improve granulocyte function and the clinical 
efficacy of granulocyte therapy for infection with bacteria and fungi. In particular, the 
method involves obtaining the donor granulocytes, isolating the donor granulocytes, and 
then contacting the donor granulocytes with a composition that includes a Spi2A 
polypeptide or Spi2A equivalent prior to administering the donor granulocytes to a 

20 subject in need of the donor granulocytes. The subject in need can be a subject with any 
disease or condition known to be treated with donor granulocytes. Examples of such 
diseases and conditions include neutropenia (due to chemotherapy, radiotherapy, 
myelosuppressive drugs leukemia, idiopathic neutropenia or aplastic anemia (Hubel et 
al., 2001), neonatal sepsis, and diseases associated with a qualitative abnormality of 

25 neutrophils such as chronic granulomatous disease. In particular the invention will be of 
particular usefulness in the treatment of neutropenia due to dose-intensive chemotherapy, 
which is amenable to transfusion therapy but not other therapies (Liles et al y 1995). 
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C. EXPRESSION CASSETTES 
1. Overview 

Certain embodiments of the invention pertain to methods utilizing compositions 
that include an expression cassette. In particular, the methods for modulating cell death 
5 in a cell may involve contacting a cell with an Spi2A polypeptide or an Spi2A 
polypeptide equivalent that further includes an expression cassette. The methods of 
treating a subject may involve administering to the subject a composition of an Spi2A 
polypeptide or polypeptide equivalent that includes an expression cassette. In addition, 
the methods of preparing donor granulocytes for donation to a subject in need may 

10 include contacting the donor granulocytes with a composition of an Spi2A polypeptide 
and an Spi2A polypeptide equivalent that includes an expression cassette. One of skill in 
the art would understand the techniques relating to use of expression cassettes to deliver 
polynucleotide sequences to cells or subjects. Particular aspects of these techniques are 
summarized in this specification. This brief summary is in no way designed to be an 

15 exhaustive overview of all available experimental techniques related to expression 
cassettes since one of skill in the art would already be familiar with these techniques. 

Throughout this application, the term "expression cassette" is meant to include 
any type of genetic construct containing a nucleic acid coding for a gene product in 
which part or all of the nucleic acid encoding sequence is capable of being transcribed. 

20 The transcript may be translated into a protein or polypeptide, but it need not be. Thus, in 
certain embodiments, expression includes both transcription of a gene and translation of a 
mRNA into a polypeptide. 

In order for the expression cassette to effect expression of a polypeptide, the 
polynucleotide encoding the polynucleotide will be under the transcriptional control of a 

25 promoter. A "promoter" is a control sequence that is a region of a nucleic acid sequence 
at which initiation and rate of transcription are controlled. It may contain genetic 
elements at which regulatory proteins and molecules may bind such as RNA polymerase 
and other transcription factors. The phrase "operatively linked" mean that a promoter is 
in a correct functional location and/or orientation in relation to a nucleic acid sequence to 

30 control transcriptional initiation and/or expression of that sequence. A promoter may or 
may not be used in conjunction with an "enhancer," which refers to a cis-acting 
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regulatory sequence involved in the transcriptional activation of a nucleic acid sequence. 
One of skill in the art would understand how to use a promoter or enhancer to promote 
expression of an Spi2A polypeptide or Spi2A polypeptide equivalent. 

In certain embodiments of the invention, the delivery of an expression cassette in 
5 a cell may be identified in vitro or in vivo by including a marker in the expression vector. 
The marker would result in an identifiable change to the transfected cell permitting easy 
identification of expression. The selectable marker employed is not believed to be 
important, so long as it is capable of being expressed along with the polynucleotide of the 
expression cassette. Examples of selectable markers are well known to one of skill in the 
10 art. 

A specific initiation signal also may be required for efficient translation of coding 
sequences. These signals include the ATG initiation codon or adjacent sequences. 
Exogenous translational control signals, including the ATG initiation codon, may need to 
be provided. One of ordinary skill in the art would readily be capable of determining this 

1 5 and providing the necessary signals. 

In certain embodiments of the invention, the use of internal ribosome entry sites 
(IRES) elements are used to create multigene, or polycistronic, messages. IRES elements 
are able to bypass the ribosome scanning model of 5' methylated Cap dependent 
translation and begin translation at internal sites (Pelletier and Sonenberg, 1988). One of 

20 skill in the art would be familiar with use of IRES in expression cassettes. 

Expression cassettes can include a multiple cloning site (MCS), which is a nucleic 
acid region that contains multiple restriction enzyme sites, any of which can be used in 
conjunction with standard recombinant technology to digest the vector. See Carbonelli 
et. al (1999); Levenson et al (1998); Cocea (1997). "Restriction enzyme digestion" 

25 refers to catalytic cleavage of a nucleic acid molecule with an enzyme that functions only 
at specific locations in a nucleic acid molecule. Techniques involving restriction enzymes 
and ligation reactions are well known to those of skill in the art of recombinant 
technology. 

In expression, one will typically include a polyadenylation signal to effect proper 
30 polyadenylation of the transcript. The nature of the polyadenylation signal is not 
believed to be crucial to the successful practice of the invention, and/or any such 
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sequence may be employed. One of skill in the art would understand how to use these 
signals to effect proper polyadenylation of the transcript. 

In certain embodiments of the present invention, the expression cassette 
comprises a virus or engineered construct derived from a viral genome. The ability of 
5 certain viruses to enter cells via receptor-mediated endocytosis and, in some cases, 
integrate into the host cell chromosomes, have made them attractive candidates for gene 
transfer in to mammalian cells. However, because it has been demonstrated that direct 
uptake of naked DNA, as well as receptor-mediated uptake of DNA complexes, is 
possible, expression vectors need not be viral but, instead, may be any plasmid, cosmid or 

10 phage construct that is capable of supporting expression of encoded genes in mammalian 
cells, such as pUC or Bluescript™ plasmid series. One of ordinary skill in the art would 
be familiar with use of viruses as tools to promote expression of the polypeptide. 

In certain embodiments of the invention, a treated cell may be identified in vitro 
or in vivo by including a marker in the expression vector. Such markers would confer an 

15 identifiable change to the cell permitting easy identification of cells containing the 
expression vector. Generally, a selectable marker is one that confers a property that 
allows for selection. A positive selectable marker is one in which the presence of the 
marker allows for its selection, while a negative selectable marker is one in which its 
presence prevents its selection. An example of a positive selectable marker is a drug 

20 resistance marker. 

Usually the inclusion of a drug selection marker aids in the cloning and 
identification of transformants, for example, genes that confer resistance to neomycin, 
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable 
markers. In addition to markers conferring a phenotype that allows for the discrimination 

25 of transformants based on the implementation of conditions, other types of markers 
including screenable markers such as GFP, whose basis is colorimetric analysis, are also 
contemplated. Alternatively, screenable enzymes such as herpes simplex virus thymidine 
kinase (tk) or chloramphenicol acetyltransferase (CAT) may be utilized. One of skill in 
the art would also know how to employ immunologic markers, possibly in conjunction 

30 with FACS analysis. The marker used is not believed to be important, so long as it is 
capable of being expressed simultaneously with the nucleic acid encoding a gene product. 
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Further examples of selectable and screenable markers are well known to one of skill in 
the art. 

D. GENE TRANSFER 
5 1. Viral Vectors 

In certain embodiments, the methods and compositions of the invention utilize 
expression cassettes which includes the Spi2A polypeptide or Spi2A polypeptide 
equivalent in an expression cassette is carried in a vector. One of ordinary skill in the art 
would understand use of vectors since these experiemental methods are well-known in 

10 the art. In particular, techniques using "viral vectors" are well-known in the art. A viral 
vector is meant to include those constructs containing viral sequences sufficient to (a) 
support packaging of the expression cassette and (b) to ultimately express a recombinant 
gene construct that has been cloned therein. 

One method for delivery of the recombinant DNA involves the use of an 

15 adenovirus expression vector. Although adenovirus vectors are known to have a low 
capacity for integration into genomic DNA, this feature is counterbalanced by the high 
efficiency of gene transfer afforded by these vectors. 

Adenoviruses are currently the most commonly used vector for gene transfer in 
clinical settings. Among the advantages of these viruses is that they are efficient at gene 

20 delivery to both nondividing an dividing cells and can be produced in large quantities. 
The vector comprises a genetically engineered form of adenovirus. Knowledge of the 
genetic organization or adenovirus, a 36 kb, linear, double-stranded DNA virus, allows 
substitution of large pieces of adenoviral DNA with foreign sequences up to 7 kb 
(Grunhaus et al y 1992). In contrast to retrovirus, the adenoviral infection of host cells 

25 does not result in chromosomal integration because adenoviral DNA can replicate in an 
episomal manner without potential genotoxicity. Also, adenoviruses are structurally 
stable, and no genome rearrangement has been detected after extensive amplification. 

Adenovirus is particularly suitable for use as a gene transfer vector because of its 
mid-sized genome, ease of manipulation, high titer, wide target-cell range and high 

30 infectivity. A person of ordinary skill in the art would be familiar with experimental 
methods using adenoviral vectors. 
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The adenovirus vector may be replication defective, or at least conditionally 
defective, and the nature of the adenovirus vector is not believed to be crucial to the 
successful practice of the invention. The adenovirus may be of any of the 42 different 
known serotypes or subgroups A-F. Adenovirus type 5 of subgroup C is the preferred 
5 starting material in order to obtain the conditional replication-defective adenovirus vector 
for use in the present invention. This is because Adenovirus type 5 is a human 
adenovirus about which a great deal of biochemical and genetic information is known, 
and it has historically been used for most constructions employing adenovirus as a vector. 
Adenovirus growth and manipulation is known to those of skill in the art, and 

10 exhibits broad host range in vitro and in vivo. This group of viruses can be obtained in 
high titers, e.g., 109-1011 plaque-forming units per ml, and they are highly infective. 
The life cycle of adenovirus does not require integration into the host cell genome. The 
foreign genes delivered by adenovirus vectors are episomal and, therefore, have low 
genotoxicity to host cells. No side effects have been reported in studies of vaccination 

15 with wild-type adenovirus (Couch et al., 1963; Top et al., 1971), demonstrating their 
safety and therapeutic potential as in vivo gene transfer vectors. 

The retroviruses are a group of single-stranded RNA viruses characterized by an 
ability to convert their RNA to double-stranded DNA in infected cells by a process of 
reverse-transcription (Coffin, 1990). The resulting DNA then stably integrates into 

20 cellular chromosomes as a provirus and directs synthesis of viral proteins. The 
integration results in the retention of the viral gene sequences in the recipient cell and its 
descendants. The retroviral genome contains three genes, gag, pol, and env that code for 
capsid proteins, polymerase enzyme, and envelope components, respectively. A 
sequence found upstream from the gag gene contains a signal for packaging of the 

25 genome into virions. Two long terminal repeat (LTR) sequences are present at the 5' and 
3' ends of the viral genome. These contain strong promoter and enhancer sequences and 
are also required for integration in the host cell genome (Coffin, 1990). 

In order to construct a retroviral vector, a nucleic acid encoding a gene of interest 
is inserted into the viral genome in the place of certain viral sequences to produce a virus 

30 that is replication-defective. A person of ordinary skill in the art would be familiar with 
well-known techniques that are available to construct a retroviral vector. 
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Adeno-associated virus (AAV) is an attractive vector system for use in the present 
invention as it has a high frequency of integration and it can infect nondividing cells, thus 
making it useful for delivery of genes into mammalian cells in tissue culture (Muzyczka, 
1992). AAV has a broad host range for infectivity (Tratschin, et al, 1984; Laughlin, et 
5 al, 1986; Lebkowski, et al, 1988; McLaughlin, et al, 1988), which means it is 
applicable for use with the present invention. Details concerning the generation and use 
of rAAV vectors are described in U.S. Patent 5,139,941 and U.S. Patent 4,797,368, each 
incorporated herein by reference. 

AAV is a dependent parvovirus in that it requires coinfection with another virus 

10 (either adenovirus or a member of the herpes virus family) to undergo a productive 
infection in cultured cells (Muzyczka, 1992). In the absence of coinfection with helper 
virus, the wild-type AAV genome integrates through its ends into human, chromosome 19 
where it resides in a latent state as a pro virus (Kotin et al., 1990; Samulski et al., 1991). 
rAAV, however, is not restricted to chromosome 19 for integration unless the AAV Rep 

15 protein is also expressed (Shelling and Smith, 1994). When a cell carrying an AAV 
provirus is superinfected with a helper virus, the AAV genome is "rescued" from the 
chromosome or from a recombinant plasmid, and a normal productive infection is 
established (Samulski et al., 1989; McLaughlin et al., 1988; Kotin et al., 1990; 
Muzyczka, 1992). 

20 Typically, recombinant AAV (rAAV) virus is made by cotransfecting a plasmid 

containing the gene of interest flanked by the two AAV terminal repeats (McLaughlin et 
al, 1988; Samulski et al., 1989; each incorporated herein by reference) and an expression 
plasmid containing the wild-type AAV coding sequences without the terminal repeats, for 
example pIM45 (McCarty et al., 1991; incorporated herein by reference). A person of 

25 ordinary skill in the art would be familiar with techniques available to generate vectors 
using AAV virus. 

Herpes simplex virus (HSV) has generated considerable interest in treating 
nervous system disorders due to its tropism for neuronal cells, but this vector also can be 
exploited for other tissues given its wide host range. Another factor that makes HSV an 
30 attractive vector is the size and organization of the genome. Because HSV is large, 
incorporation of multiple genes or expression cassettes is less problematic than in other 
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smaller viral systems. In addition, the availability of different viral control sequences 
with varying performance (temporal, strength, etc.) makes it possible to control 
expression to a greater extent than in other systems. It also is an advantage that the virus 
has relatively few spliced messages, further easing genetic manipulations. 
5 HSV also is relatively easy to manipulate and can be grown to high titers. Thus, 

delivery is less of a problem, both in terms of volumes needed to attain sufficient MOI 
and in a lessened need for repeat dosings. For a review of HSV as a gene therapy vector, 
see Glorioso et al. (1995). A person of ordinary skill in the art would be familiar with 
well-known techniques for use of HSV as vectors. 

10 Vaccinia virus vectors have been used extensively because of the ease of their 

construction, relatively high levels of expression obtained, wide host range and large 
capacity for carrying DNA. Vaccinia contains a linear, double-stranded DNA genome of 
about 186 kb that exhibits a marked "A-T" preference. Inverted terminal repeats of about 
10.5 kb flank the genome. The majority of essential genes appear to map within the 

15 central region, which is most highly conserved among poxviruses. Estimated open 
reading frames in vaccinia virus number from 150 to 200. Although both strands are 
coding, extensive overlap of reading frames is not common. 

Other viral vectors may be employed as constructs in the present invention. For 
example, vectors derived from viruses such as poxvirus may be employed. A 

20 molecularly cloned strain of Venezuelan equine encephalitis (VEE) virus has been 
genetically refined as a replication competent vaccine vector for the expression of 
heterologous viral proteins (Davis et al. 9 1996). Studies have demonstrated that VEE 
infection stimulates potent CTL responses and has been sugested that VEE may be an 
extremely useful vector for immunizations (Caley et aL 9 1997). It is contemplated in the 

25 present invention, that VEE virus may be useful in targeting dendritic cells. 

A polynucleotide may be housed within a viral vector that has been engineered to 
express a specific binding ligand. The virus particle will thus bind specifically to the 
cognate receptors of the target cell and deliver the contents to the cell. A novel approach 
designed to allow specific targeting of retrovirus vectors was developed based on the 

30 chemical modification of a retrovirus by the chemical addition of lactose residues to the 
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viral envelope. This modification can permit the specific infection of hepatocytes via 
sialoglycoprotein receptors. 

Another approach to targeting of recombinant retroviruses was designed in which 
biotinylated antibodies against a retroviral envelope protein and against a specific cell 
5 receptor were used. The antibodies were coupled via the biotin components by using 
streptavidin (Roux et al. f 1989). Using antibodies against major histocompatibility 
complex class I and class II antigens, they demonstrated the infection of a variety of 
human cells that bore those surface antigens with an ecotropic virus in vitro (Roux 
etal, 1989). 

10 

2. Nonviral Vectors 

Several non- viral methods for the transfer of expression vectors into cells also are 
contemplated by the present invention. These include calcium phosphate precipitation 
(Graham and Van Der Eb, 1973; Chen and Okayama, 1987; Rippe et al. 9 1990) DEAE- 

15 dextran (Gopal, 1985), electroporation (Tur-Kaspa et ai, 1986; Potter et al 9 1984), direct 
microinjection (Harland and Weintraub, 1985), DNA-loaded liposomes (Nicolau and 
Sene, 1982; Fraley et al 9 1979) and liofectamine-DNA complexe, cell sonication 
(Fechheimer et al. 9 1987), gene bombardment using high velocity microprojectiles (Yang 
et al 9 1990), polycations (Bousssif et al 9 1995) and receptor-mediated transfection (Wu 

20 and Wu, 1987; Wu and Wu, 1988). Some of these techniques may be successfully 
adapted for in vivo or ex vivo use. A person of ordinary skill in the art would be familiar 
with the techniques pertaining to use of nonviral vectors, and would understand that other 
types of nonviral vectors than those disclosed herein are contemplated by the present 
invention. 

25 In a further embodiment of the invention, the expression cassette may be 

entrapped in a liposome or lipid formulation. Liposomes are vesicular structures 
characterized by a phospholipid bilayer membrane and an inner aqueous medium. 
Multilamellar liposomes have multiple lipid layers separated by aqueous medium. They 
form spontaneously when phospholipids are suspended in an excess of aqueous solution. 

30 The lipid components undergo self-rearrangement before the formation of closed 
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh and 
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Bachhawat, 1991). Also contemplated is a gene construct complexed with Lipofectamine 
(Gibco BRL). One of ordinary skill in the art would be familiar with techniques utilizing 
liposomes and lipid formulations. 

Lipid based non-viral formulations provide an alternative to adenoviral gene 
5 therapies. Although many cell culture studies have documented lipid based non-viral 
gene transfer, systemic gene delivery via lipid based formulations has been limited. A 
major limitation of non-viral lipid based gene delivery is the toxicity of the cationic lipids 
that comprise the non-viral delivery vehicle. The in vivo toxicity of liposomes partially 
explains the discrepancy between in vitro and in vivo gene transfer results. Another 

10 factor contributing to this contradictory data is the difference in liposome stability in the 
presence and absence of serum proteins. The interaction between liposomes and serum 
proteins has a dramatic impact on the stability characteristics of liposomes (Y ang and 
Huang, 1997). Cationic liposomes attract and bind negatively charged serum proteins. 
Liposomes coated by serum proteins are either dissolved or taken up by macrophages 

15 leading to their removal from circulation. Current in vivo liposomal delivery methods use 
subcutaneous, intradermal, intratumoral, or intracranial injection to avoid the toxicity and 
stability problems associated with cationic lipids in the circulation. The interaction of 
liposomes and plasma proteins is responsible for the disparity between the efficiency of 
in vitro (Feigner et aL, 1987) and in vivo gene transfer (Zhu et al. y 1993; Solodin et aL, 

20 1995; Thierry et aL, 1995; Tsukamoto et aL, 1995; Aksentijevich et aL, 1996). 

The production of lipid formulations often is accomplished by sonication or serial 
extrusion of liposomal mixtures after (I) reverse phase evaporation (II) dehydration- 
rehydration (III) detergent dialysis and (IV) thin film hydration. Once manufactured, 
lipid structures can be used to encapsulate compounds that are toxic (chemotherapeutics) 

25 or labile (nucleic acids) when in circulation. Liposomal encapsulation has resulted in a 
lower toxicity and a longer serum half-life for such compounds (Gabizon et aL, 1990). 
Numerous disease treatments are using lipid based gene transfer strategies to enhance 
conventional or establish novel therapies, in particular therapies for treating 
hyperproliferative diseases. 
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E. Vaccines 

As used herein, a "vaccine" is an antigenic composition capable of inducing an 
immune response to the antigen in a cell, tissue or animal (e.g., a human). As used 
herein, an "antigenic composition" may comprise an antigen (e.g., a peptide or 
5 polypepide), a nucleic acid encoding an antigen (e.g., an antigen expression vector), or a 
cell expressing or presenting an antigen. In particular embodiments of the present 
invention, the antigenic composition comprises or encodes all or part of a Spi2A 
polypeptide or a Spi2A polypeptide equivalent. The antigenic composition may be part 
of a mixture that comprises one or more additional immunostimulatory agents or nucleic 

10 acids encoding such one or more agents. Immunostimulatory agents include, but are not 
limited to an additional antigen, an immunomodulator, an antigen presenting cell or an 
adjuvant. In other embodiments, one or more of the additional agent(s) is covalently 
bonded to the antigen or an immunostimulatory agent, in any combination. 

In certain embodiments, an antigenic composition or immunologically functional 

15 equivalent, may be used as an effective vaccine in inducing a humoral and/or 
cell-mediated immune response against a tumor or viral disease in an subject. The 
vaccines of the present invention can be applied in either the prevention of cancer or viral 
infection in the subject, or treatment of a cancer or viral disease in the subject. Any type 
of tumor is contemplated for treatment or prevention using the vaccines of the present 

20 invention. For example, the cancer may be breast cancer, lung cancer, ovarian cancer, 
brain cancer, liver cancer, cervical cancer, colon cancer, renal cancer, skin cancer, head 
& neck cancer, bone cancer, esophageal cancer, bladder cancer, uterine cancer, lymphatic 
cancer, stomach cancer, pancreatic cancer, testicular cancer, lymphoma, or leukemia. 
Similarly, any type of viral disease is contemplated for treatment by the vaccines of the 

25 present invention. For example, the viral disease may be HIV, HSV, ADV, or any other 
viral disease known to those of ordinary skill in the art. 

In certain embodiments, the immune response is a long-term immune response 
involving the development of memory T lymphocytes. Spi2A has been shown to 
promote the development of long-term immunity in a subject (see Example 3 below). 

30 The present invention contemplates one or more antigenic compositions or vaccines for 
use in both active and passive immunization embodiments. 
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A vaccine of the present invention may vary in its composition of proteinaceous, 
nucleic acid and/or cellular components. In a non-limiting example, a nucleic encoding a 
Spi2A polypeptide or Spi2A polypeptide equivalent might also be formulated with a 
proteinaceous adjuvant. Of course, it will be understood that various compositions 
5 described herein may further comprise additional components. For example, one or more 
vaccine components may be comprised in a lipid or liposome. In another non-limiting 
example, a vaccine may comprise one or more adjuvants. A vaccine of the present 
invention, and its various components, may be prepared and/or administered by any 
method disclosed herein or as would be known to one of ordinary skill in the art, in light 
1 0 of the present disclosure. 

1. Proteinaceous Antigens 

It is understood that an antigenic composition of the present invention may be 
made by a method that is well known in the art, including but not limited to chemical 

15 synthesis by solid phase synthesis and purification away from the other products of the 
chemical reactions by HPLC, or production by the expression of a nucleic acid sequence 
(e.g., a DNA sequence) encoding a Spi2A polypeptide or Spi2A polypeptide equivalent 
in an in vitro translation system or in a living cell. Preferably the antigenic composition 
is isolated and extensively dialyzed to remove one or more undesired small molecular 

20 weight molecules and/or lyophilized for more ready formulation into a desired vehicle. It 
is further understood that additional amino acids, mutations, chemical modification and 
such like, if any, that are made in a vaccine component will preferably not substantially 
interfere with the antibody recognition of the epitopic sequence. 

25 2. Genetic Vaccine Antigens 

In certain embodiments, an immune response may be promoted by transfecting or 
inoculating an animal with a nucleic acid encoding one or more Spi2A polypeptides or one 
or more Spi2A polypeptide equivalents. One or more cells comprised within a target 
animal then expresses the sequences encoded by the nucleic acid after administration of 
30 the nucleic acid to the animal. Thus, the vaccine may comprise "genetic vaccine" useful 
for immunization protocols. A vaccine may also be in the form, for example, of a nucleic 
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acid (e.g., a cDNA or an RNA) encoding all or part of the peptide or polypeptide 
sequence of an antigen. Expression in vivo by the nucleic acid may be, for example, by a 
plasmid type vector, a viral vector, or a viral/plasmid construct vector. 

In preferred aspects, the nucleic acid comprises a coding region that encodes a 
Spi2A polypeptide or a Spi2A polypeptide equivalent. Of course, the nucleic acid may 
comprise and/or encode additional sequences, including but not limited to those 
comprising one or more immunomodulators, adjuvants, or therapeutic agents that can be 
applied in the treatment of cancer or viral disease. One of ordinary skill in the art would 
be familiar with techniques for preparation of these nucleic acids for use in the vaccines 
of the present invention. 

3. Cellular Vaccine Antigens 

In another embodiment, a cell expressing the antigen may comprise the vaccine. 
The cell may be isolated from a culture, tissue, organ or organism and administered to an 
animal as a cellular vaccine. Thus, the present invention contemplates a "cellular vaccine." 
The cell may be transfected with a nucleic acid encoding a Spi2A polypeptide or Spi2A 
polypeptide equivalent. Of course, the cell may also express one or more additional vaccine 
components, such as immunomodulators, adjuvants, or therapeutic agents that can be 
applied in the treatment of cancer or an infection, such as a viral infection. A vaccine may 
comprise all or part of the cell. 

F. Pharmaceutical Preparations 

Pharmaceutical preparations of Spi2A polypeptides and Spi2A polypeptide 
equivalents for administration to a subject are contemplated by the present invention. In 
addition, pharmaceutical preparations of Spi2A polypeptides and Spi2A polypeptide 
equivalents for use in preparing donor granulocytes for administration to a subject in 
need of donor granulocytes are contemplated by the present invention. 

1. Formulations 

Any type of pharmaceutical preparation of the Spi2A polypeptide or Spi2A 
polypeptide equivalent is contemplated by the current invention. One of skill in art 
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would be familiar with the wide range of types of pharmaceutical preparations that are 
available, and would be familiar with skills needed to generate these pharmaceutical 
preparations. 

In certain embodiments of the present invention, the pharmaceutical preparation 
5 will be an aqueous composition. Aqueous compositions of the present invention 
comprise an effective amount an of Spi2A polypeptide, or an Spi2A polypeptide 
equivalent, and the like, dissolved or dispersed in a pharmaceutical^ acceptable carrier or 
aqueous medium. Aqueous compositions of gene therapy vectors expressing any of the 
foregoing are also contemplated. The phrases "pharmaceutical preparation suitable for 

10 delivery" or "pharmacologically effective" of "pharmaceutically acceptable" refer to 
molecular entities and compositions that do not produce an adverse, allergic or other 
untoward reaction when administered to an animal, or a human, as appropriate. 

As used herein, "pharmaceutical preparation" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 

15 delaying agents and the like. The use of such media and agents for pharmaceutical active 
substances is well known in the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, its use in the therapeutic compositions is 
contemplated. Supplementary active ingredients can also be incorporated into the 
compositions. For human administration, preparations should meet sterility, 

20 pyrogenicity, general safety and purity standards as required by FDA Office of Biologies 
standards. 

The biological material should be extensively dialyzed to remove undesired small 
molecular weight molecules and/or lyophilized for more ready formulation into a desired 
vehicle, where appropriate. The active compounds will then generally be formulated for 
25 administration by any known route, such as parenteral administration. The preparation of 
an aqueous composition containing an active agent of the invention disclosed herein as a 
component or active ingredient will be known to those of skill in the art in light of the 
present disclosure. 

An agent or substance of the present invention can be formulated into a 
30 composition in a neutral or salt form. Pharmaceutically acceptable salts, include the acid 
addition salts (formed with the free amino groups of the protein) and which are formed 
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with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, oxalic, tartaric, mandelic, and the like. A person of ordinary skill 
in the art would be familiar with techniques for generation of salt forms. The carrier can 
also be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
5 (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), 
suitable mixtures thereof, and vegetable oils. 

The present invention contemplates Spi2A polypeptides and Spi2A polypeptide 
equivalents that will be in pharmaceutical preparations that are sterile solutions for 
intravascular injection or for application by any other route. A person of ordinary skill in 

10 the art would be familiar with techniques for generating sterile solutions for injection or 
application by any other route. Sterile injectable solutions are prepared by incorporating 
the active compounds in the required amount in the appropriate solvent with various of 
the other ingredients familiar to a person of skill in the art. 

Upon formulation, solutions will be administered in a manner compatible with the 

15 dosage formulation and in such amount as is therapeutically effective. The formulations 
are easily administered in a variety of dosage forms, such as the type of injectable 
solutions described above, but drug release capsules and the like can also be employed. 

For parenteral administration in an aqueous solution, for example, the solution 
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with 

20 sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this 
connection, sterile aqueous media which can be employed will be known to those of skill 
in the art in light of the present disclosure. 

The active agents disclosed herein may be formulated within a therapeutic 

25 mixture to comprise about 0.0001 to 1.0 milligrams, or about 0.001 to 0.1 milligrams, or 
about 0.1 to 1.0 or even about 10 milligrams per dose or so. Multiple doses can also be 
administered. 

In addition to the compounds formulated for parenteral administration, such as 
intravenous or intramuscular injection, other pharmaceutical^ acceptable forms include, 
30 e.g., tablets or other solids for oral administration; liposomal formulations; time release 
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capsules; and any other form currently used, including cremes. One may also use nasal 
solutions or sprays, aerosols or inhalants in the present invention. 

Oral formulations include such normally employed excipients as, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium 
5 saccharine, cellulose, magnesium carbonate and the like. These compositions take the 
form of solutions, suspensions, tablets, pills, capsules, sustained release formulations or 
powders. A person of ordinary skill in the art would be familiar with well-known 
techniques for preparation of oral formulations. Such compositions and preparations 
should contain at least 0.1% of active compound. The percentage of the compositions 
10 and preparations may, of course, be varied and may conveniently be between about 2 to 
about 75% of the weight of the unit, or preferably between 25-60%. The amount of 
active compounds in such therapeutically useful compositions is such that a suitable 
dosage will be obtained. 

The use of liposomes and/or nanoparticles is also contemplated for the 
15 introduction of the modulator of cell death or gene therapy vectors into host cells. The 
formation and use of liposomes is generally known to those of skill in the art. 

2. Dosage 

An effective amount of the therapeutic or preventive agent is determined based on 
the intended goal, for example inhibition of cell death. The quantity to be administered, 
both according to number of treatments and dose, depends on the subject to be treated, 
the state of the subject and the protection desired. Precise amounts of the therapeutic 
composition also depend on the judgment of the practitioner and are peculiar to each 
individual. 

In certain embodiments, it may be desirable to provide a continuous supply of the 
therapeutic compositions to the patient. For example, following myocardial infarction a 
continuous intravascular administration of the therapeutic agent may be administered for 
a defined period of time. For topical administrations, repeated application would be 
employed. For various approaches, delayed release formulations could be used that 
provide limited but constant amounts of the therapeutic agent over an extended period of 
time. Continuous perfusion of the region of interest (such as the heart, following 
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myocardial infarction) may be preferred. This could be accomplished by catheterization, 
followed by continuous administration of the therapeutic agent. The administration could 
be post-operative, such as following coronary artery bypass grafting. To treat diseases 
such as severe sepsis, MI and liver failure the inventor will administor TAT-Spi2A 
5 polypeptide or TAT-Spi2A polypeptide equivalents by intravenous injection. It is 
anticipated that the diseased organs will be perfused with the agent and upon uptake into 
the cytoplasm of cells via the TAT peptide Spi2A will protect cell from apoptotic or 
necrotic death. The time period for perfusion would be selected by the clinician for the 
particular patient and situation, but times could range from about 1-2 hours, to 2-6 hours, 

10 to about 6-10 hours, to about 10-24 hours, to about 1-2 days, to about 1-2 weeks or 
longer. Generally, the dose of the therapeutic composition via continuous perfusion will 
be equivalent to that given by single or multiple injections, adjusted for the period of time 
over which the doses are administered. 

Those of skill in the art are well aware of how to apply gene delivery to in vivo 

15 and ex vivo situations. For viral vectors, one generally will prepare a viral vector stock. 
Depending on the kind of virus and the titer attainable, one will deliver 1 X 10 4 , 1 X 10 5 , 
1 X 10 6 , 1 X 10 7 , 1 X 10 8 , 1 X 10 9 , 1 X 10 10 , 1 X 10 u or 1 X 10 12 infectious particles to 
the patient. Similar figures may be extrapolated for liposomal or other non-viral 
formulations by comparing relative uptake efficiencies. Formulation as a 

20 pharmaceutical^ acceptable composition is discussed above. 

3. Tracers to Monitor Gene Expression Following Administration 

Certain embodiments of the present invention employ delivery of the Spi2A 
polypeptide or Spi2A polypeptide to the target area of interest using expression cassettes. 

25 For instance, the target area of interest can be a tumor. Because destruction of 
microscopic foci of cells such as cancer cells cannot be observed, it is important to 
determine whether the target site has been effectively contacted with the expression 
cassette. This may be accomplished by identifying cells in which the expression 
construct is actively producing the desired polypeptide product. It is important, however, 

30 to be able to distinguish between the exogenous polypeptide and that present in tumor 
and nontumor cells in the treatment area. Tagging of the exogenous polypeptide with a 
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tracer element would provide definitive evidence for expression of that molecule and not 
an endogenous version thereof Thus, the methods and compositions of the claimed 
invention may involve tagging of the polypeptide encoded by the expression cassette with 
a tracer element. A person of ordinary skill in the art would be familiar with these 
5 methods of tagging the encoded polypeptide. 

4. Secondary Treatment 

Certain embodiments of the claimed invention provide for a method of 
modulating cell death in a subject with cancer. Other embodiments provide for methods 

10 of treating a subject with cancer. Treatment of any type of cancer is contemplated by the 
present invention. Examples of such cancers include breast cancer, lung cancer, prostate 
cancer, ovarian cancer, brain cancer, liver cancer, prostate cancer, cervical cancer, colon 
cancer, renal cancer, skin cancer, liver cancer, prostate cancer, cerivical cancer, colon 
cancer, renal cancer, skin cancer, head and neck cancer, bone cancer, esophageal cancer, 

15 bladder cancer, uterine cancer, lymphatic cancer, stomach cancer, pancreatic cancer, 
testicular cancer, and leukemia. 

A wide variety of cancer therapies, known to one of skill in the art, may be used 
in combination with the compositions of the claimed invention. Examples of some of 
the existing cancer therapies and chemotherapeutic agents include radiation therapy, 

20 chemotherapy, surgical therapy, immunotherapy, and gene therapy. Examples of other 
cancer therapies include phototherapy, cryotherapy, toxin therapy, or hormonal therapy. 
One of skill in the art would know that this list is not exhaustive of the types of treatment 
modalities available for cancer and other hyperplastic lesions. 

One of skill in the art will recognize the presence and development of other 

25 anticancer therapies which can be used in conjugation with the compositions comprising 
expression cassettes and will further recognize that the use of the secondary therapy of 
the claimed invention will not be restricted to the agents described below. 

In order to increase the effectiveness of a an expression construct encoding a 
polypeptide that modulates cell death, it may be desirable to combine these compositions 

30 with other agents effective in the treatment of malignancies. These compositions would 
be provided in a combined amount effective to kill or inhibit proliferation of the cell. 
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This process may involve contacting the cells with the expression construct and the 
agent(s) or second factor(s) at the same time. This may be achieved by contacting the 
cell with a single composition or pharmacological formulation that includes both agents, 
or by contacting the cell with two distinct compositions or formulations, at the same time, 
5 wherein one composition includes the expression construct and the other includes the 
second agent. 

Alternatively, the gene therapy may precede or follow the other agent treatment 
by intervals ranging from minutes to weeks. In embodiments where the other agent and 
expression construct are applied separately to the cell, one would generally ensure that a 

10 significant period of time did not expire between the time of each delivery, such that the 
agent and expression construct would still be able to exert an advantageously combined 
effect on the cell. In such instances, it is contemplated that one may contact the cell with 
both modalities within about 12-24 h of each other and, more preferably, within about 6- 
12 h of each other. In some situations, it may be desirable to extend the time period for 

15 treatment significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks 
(1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective administrations. 

Administration of the therapeutic expression constructs of the present invention to 
a patient will follow general protocols for the administration of chemotherapeutics, taking 
into account the toxicity, if any, of the vector. It is expected that the treatment cycles 

20 would be repeated as necessary. It also is contemplated that various standard therapies, 
as well as surgical intervention, may be applied in combination with the described 
hyperproliferative cell therapy. 

G. Examples 

25 The following examples are included to demonstrate preferred embodiments of 

the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the 

30 present disclosure, appreciate that many changes can be made in the specific 
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embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 

EXAMPLE 1 

5 NF-kB Protects from the Lysosomal Pathway of Cell Death 

Materials and Methods 

Spi2A mRNA expression. Total RNA (4 fig) was extracted from MEFs after 
treatment with TNF-ot (0.2 ng/ml) (R&D) and cyclohexamide (CHX) (0.1 fig/ml) using 

10 Trizol Reagent according to manufacturer's instructions (Invitrogen) and Northern blots 
prepared using standard procedures (Sambrook et aL, 2001). Blots were probed with a 
[a- 32 P] dCTP-hexamer labelled cDNA probe encoding Spi2A (Hampson et aL, 1997). 
Blots were stripped and re-probed with similarly labelled control probes encoding I/cBa 
or GAPDH (De Smaele et aL, 2001). 

15 In Spi2A-antisense experiments, the level of Spi2A mRNA was quantitated by 

real-time PCR using primers and probes specific for Spi2A [forward primer 5 - AAC 
CAG AGA CCC TGA GGA AGT G-3' (hereinafter SEQ ID NO:12), reverse primer 5 - 
AAC TTG GGC AGG CGC AG-3' (hereinafter SEQ ID NO: 13), probe 5 - AAG AAC 
TCT CTG AAG CCC AGG ATG ATA CAT GA-3* (hereinafter SEQ ID NO: 14) (Inglis 

20 et aL, 1991) and the cyclophilin A house keeping control gene (Medhurst et aL, 2000) 
[forward primer 5 - CCA TCA AAC CAT TCC TTC TGT AGC-3* (hereinafter SEQ ID 
NO: 15), reverse primer 5-AGC AGA GAT TAC AGG ACA TTG CG-3 '(hereinafter 
SEQ ID NO: 16), probe 5'-CAG GAG AGC GTG CCT ACC CCA TCT G-3 "(hereinafter 
SEQ ID NO: 17) (Megabases, Inc). Probes were labelled with the fluorescent reporter dye 

25 FAM. Four hours after treatment with CHX (10 /xg/ml) and TNF-a (10 ng/ml), RNA was 
extracted from RelA +/+ MEFs using Trizol Reagent (Invitrogen), and then cDNA was 
generated using Superscript First-Strand Synthesis System for RT-PCR (Invitrogen). 
Real time PCR reactions were carried out using TaqMan Universal PCR Master Mix 
according to manufacturer's recommended protocol (PE Applied Biosystems) and 

30 analysed on an ABI Prism 7700 Sequence Detection System (PE Applied Biosystems). 
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Data were captured and analyzed using Sequence Detector software (PE Applied 
Biosystems). The slope of the standard curve describes the efficiency of the real time 
PCR, which allowed us to ensure that the real time PCR reactions consistently ran at > 
90% efficiency. The relative concentration of Spi2A RNA was calculated by dividing the 
5 concentration of Spi2A RNA by that of the cyclophilin A control gene (Hasel and 
Sutcliffe, 1990). 

Retroviral transduction of MEFs. The cDNA for human RelA (p65) was sub- 
cloned into the Hpa 1 restriction site of the MIGR1 retroviral vector in the forward 

10 orientation (Franzoso et al., 1996; Zhang and Ren, 1998). The Spi2A open reading frame 
(ORF) was amplified by PCR from cDNA prepared from purified T cells using a forward 
primer (5*- AGA ATT CGC CAC CAT GGC TGG TGT CT CCC CTG-3'; hereinafter 
SEQ ID NO: 18) and reverse primer (5- TGT GGA TCC TCC CTG TCA AAT CAG 
GCA GCA TAG CGG AT-3*; hereinafter SEQ ID NO: 19). These primers introduced 5' 

15 Bam HI and 3 EcoRl restriction sites and mutated the stop codon of Spi2A ORF to 
facilitate the production of an in frame fusion protein between Spi2A and C-terminal 
3xFLAG (22 amino acids) after cloning into the 3xFLAG-CMV-14 expression vector 
(Sigma-Aldrich). Using the same forward primer and a reverse primer specific for 
3xFLAG DNA that introduced an EcoRl restriction site (5 - GTG AAT TCA TCA CTA 

20 CTT GTC ATC GT- 3*; hereinafter SEQ ID NO:20), the Spi2A-3xFLAG ORF was 
amplified by PCR then sub-cloned into the Eco Rl site of the MIGR1 retroviral vector in 
the forward or reverse orientations. The MIGR1 retroviral vector directed the expression 
of RelA, Spi2A-3xFLAG or Spi2A-3xFLAG antisense mRNA as a biscistronic mRNA 
encoding GFP. 

25 Retrovirus was produced as described previously (Burns et ai 9 1993). Briefly, the 

cells of the 293 GP packaging line (4xl0 6 ) were transiently transfected with MIGR1- 
Spi2A-3xFLAG DNA (6 fig) and DNA encoding Vesticular Stomatis Virus (VSV) 
glycoprotein (6 /xg) using Lipofectamine PLUS reagent according to manufacturer's 
instructions (Invitrogen). After 48 and 72 h supernatant containing retrovirus was 

30 harvested, filtered and stored at -80°C until needed. MEFs (1-2 x 10 5 ) were seeded in 6- 
well plates and transduced with 4 mis of retroviral supernatant containing polybrene (8 
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/ig/ml) by centrifiigation (1000 g) for 1 h at room temperature, followed by incubation at 
37°C for 24 h. After 48 h, the transduction efficiency was determined by measuring the 
percentage of GFP-positive MEFs by FACS, which was routinely 96-98%. Transduced 
MEFs that were in the top 5% of GFP expression were purified by FACS and cloned. 

5 

Fluorescence microscopy. Rel A ~ f ~ MEFs were transduced with retrovirus 
encoding Spi2A-3xFLAG or empty vector and plated in a Chamber-Slide (Lab-Tek, 
Nalge Nunc) overnight at 10,000 cell per chamber in 10% FCS containing DMEM. 
Immunofluorescence localization for Spi2A was performed using the anti-FLAG 

10 antibody (Sigma). Briefly, the cells were washed three-times with chilled PBS, fixed in 
4% paraformaldehyde (PFA)-PBS for 15 minutes at room temperature (RT), 
permeabilized using 0.5% Triton-X-100 (15 min. at RT) followed by 5 washes with 
chilled PBS. The slides were blocked with 2% normal mouse serum (NMS) in PBS (45 
min at RT) followed by incubation with the biotinylated anti-FLAG antibody (10 /xg/ml, 

15 90 min at RT). After washing off the unbound antibody, the slides were incubated with 
Streptavidin (SA)-Alexa 546 (1 /ig/ml, 60 min at RT, Molecular Probes) followed by 
washes with chilled PBS. Finally the cells were mounted in Vectashield mounting 
medium (Vector labs) containing DAPI as the nuclear stain. The cells were observed and 
imaged on a Leica DMIRE2 inverted microscope outfitted with a Photometries 

20 CoolSNAP HQ digital camera (Roper Scientific). Fluorescence images of each of the 
fluorophores were acquired sequentially using the following Chroma filter cubes; DAPI - 
cube #31000 (Ex. 340-380 nm, Em. 435-485 ran), and FLAG - cube #41004 (Ex. 535- 
585, Em. 610-680 nm). Images were acquired and then overlaid using Meta Imaging 
Series software version 4.6.5 (Universal Imaging Corporation). To determine whether 

25 FLAG was distributed throughout the cytoplasm (rather than being bound to the plasma 
membrane), Z-series of individual cells were captured and deconvolved using 
MetaMorph. A 3D model was reconstructed from the Z-series, then sliced, and rotated 
(again, using MetaMorph) to obtain a side view. 

30 Protein expression. Anti-serum specific to Spi2A peptides [peptide 1 (amino 

acids 406-423) NH 2 -(C) NPERSTNFPNGEGASSQR-COOH (hereinafter SEQ ID 
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N0:21); peptide 2 (amino acids 278-294) NH 2 -(C) SLQPETLRKWKNSLKPR- COOH 
(hereinafter SEQ ID NO:22) was raised in rabbits using standard procedures (Coligan et 
al. t 1995). Briefly, two rabbits were immunized with each peptide conjugated to KLH 
then over a period of 3 months boosted twice with immunogen. Anti-Spi2A antibodies 
5 were affinity purified on columns of immunizing peptide and eluted in 3M KSCN then 
dialysed against PBS. 

Detergent extracts from RelA' 7 " MEFs transduced with control or retrovirus 
encoding Spi2A were resolved by SDS-PAGE then immunoblotted (25 peg per lane) and 
probed with either peptide 1 or peptide2-specific anti-Spi2A antibodies (10 fig/m\\ using 

10 standard protocols (Coligan et al. 9 1995). Spi2A was detected after probing with goat- 
anti-rabbit IgG conjugated to horseradish peroxidase (HRP) (Sigma- Aldrich) at 2 /xg/ml 
and chemilluminescence (ECL-kit, Amersham). Antibodies purified from both rabbits 
immunized with either peptide 1 or 2 detected Spi2A as a 52 kD protein in extracts from 
Spi2A cells but not GFP cells. To control for equal loading, blots were stripped and re- 

15 probed for actin (42kD) with anti-actin monoclonal antibody clone ACTN05, (RDI 
Research Diagnostics, Inc) at 0.5 /xg/ml and anti-mouse IgG-HRP (Sigma-Aldrich) at 2 
fig/ml. 

Survival Assays. Although RelA" 7 " MEFs are markedly more sensitive to TNF- 
20 a compared to RelA +/+ MEFs, low levels of CHX (0.1 jzg/ml) were used in the survival 
assays. This was to suppress any protective activity of constitutively active non-Rel A 
NF-kB molecules that are present in RelA 7 " MEFs (FIG. 4). Thus, RelA" 7 " MEFs were 
treated with CHX and TNF-a (R&D) and the number of live GFP-positive adherent cells 
was counted by flow cytometry after 16 h, if not indicated otherwise. Live cells were 
25 defined as those that excluded propidium iodide (Pi-negative) and had the appropriate 
size, as defined by forward and side scatter characteristics (Coligan et al., 1995). For 
RelA +7+ MEFs, TNF-a-cytotoxicity was determined after 16h with CHX (10 /xg/ml), if not 
indicated otherwise. Cathepsin B activity was inhibited by a 1 h pre-treatment of MEFs 
with CA-074 Me (30 fiM) (Peptide Institute). Complete inhibition of cathepsin B activity 
30 was verified by enzyme assay. RelA' 7 ' MEFs were treated with (10-50 fiM) sphingosine 
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(Calbiochem) and the number of live GFP -positive adherent cells was counted by flow 
cytometry after 2 h. 

Death effector assays. Death effector pathways were induced in RelA" A MEFs 
5 by treatment TNF-a (0.2 ng/ml) and CHX (0.1 /xg/ml). Assays for executioner proteases 
(caspases and cathepsin B) were performed on crude cytoplasmic extracts (Stegh et aL 9 
2000). Briefly, MEFs (10 6 ) were lysed in lOmM Tris-Cl, pH 7.5, 100 mM NaCl, ImM 
EDTA, 0.01% Triton X-100 (50 /xl) for 30 min on ice then centrifuged at 15,000 g for 30 
min at 4°C and the supernatant recovered. Protein concentration was determined by 

10 Lowry assay (DC-protein assay kit, Biorad). Western immunoblots were performed on 
crude cytosolic extracts (50 /xg per lane) using standard protocols and probed with the 
following antibodies: goat anti-mouse Bid antiserum (1 /xg/ml; R&D systems), rabbit 
anti-human caspase 9 antiserum (2 /xg/ml; Cell Signaling Technology), rabbit anti-human 
caspase 3 antiserum (2 /xg/ml; Cell Signaling Technology), mouse anti-human caspase 8 

15 monoclonal antibody clone 12F5 (1 fig/ml; Axxora). The following secondary antibodies 
were used: anti-goat IgG HRP (0.5 /xg/ml; Santa Cruz Technology), anti-rabbit IgG HRP 
(0. 5 /xg/ml; Amersham), anti-mouse IgG HRP (0.5 /xg/ml; Santa Cruz Technology). 
Specific proteins were visualized using chemilluminesence (ECL-kit, Amersham). 

Colorimetric assays for capases were performed in reaction buffer (50 mM 

20 HEPES, pH 7.4, lOOmM NaCl, lOmM DTT, ImM EDTA, 10% glycerol, 0.1% CHAPS ) 
at 37°C on crude cytoplasmic extracts using /?-Nitoaniline (pNA)-labeled substrates 
(Calbiochem) specific for caspases 3 and 7 (Ac-DEVD-pNA), caspase 8 (Ac-EETD- 
/?NA), caspase 9 (Ac-LEHD-pNA), each at 0.2 mM. Specific activity was determined by 
subtracting the apparent activity detected after lh pre-incubation of extract with the pan- 

25 caspase inhibitor Z-VAD.fmk at 50 /xM (ICN Biomedicals Inc), then normalizing for the 
amount of protein. Assays for cathepsin B activity in crude cytoplasmic extracts was 
performed in reaction buffer (100 mM KHP0 4 pH 6.1, 2mM DTT, ImM EDTA) at 37°C 
using the Z-RR-pNA substrate, which is specific for cathespin B but not other cysteine 
cathespins from the lysosome (Barrett and Kirschke, 1981), at 0.4 mM (Calbiochem). 

30 Specific activity was determined by subtracting the apparent activity detected after 30 
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min pre-incubation of extract at 37°C with the cathespin B inhibitor CA-074 Me at 30 
/xM (Peptide Institute) then normalizing for the amount of protein. 

Mitochondrial membrane potential and ROS production were measured using the 
fluorescent dyes JC-1 (3 /xg/ml) and dihydroethidium (HE) (5 /xM)(Molecular Probes) 
5 respectively, and flow cytometry according to the manufacturer's instructions. 

Protease specificity of Spi2A. RelA 7 " MEFs were transduced with retrovirus 
encoding Spi2A with a C-terminal 3x FLAG epitope tag and Spi2A-3xFLAG purified 
using a method described previously (Cooley et ai, 1998). Briefly, cells (3xl0 9 ) were 
10 lysed and Spi2A-3xFLAG (75 /ig) purified by batch Q-Fast Flow ion-exchange 
chromatography (Pharmacia Biotech) after elution at 160-220mM NaCl followed by 
anti-FLAG antibody columns, performed according to manufacturer's instructions 
(Sigma-Aldrich). Spi2A-3xFLAG was dialysed into PBS and stored as aliquots at -80°C 
until needed. 

15 Proteases were purchases from the manufacturers (Calbiochem or Athens 

Research and Technology) except granzymes A and B which were purified as described 
(Hanna et ah, 1993) and cathespin V and K, which were purified as described (Bromme 
et al. 9 1999; Linnevers et al. y 1997). Proteases (20 nM) were incubated in the appropriate 
assay buffer with Spi2A at 200 nM (at least 10-fold excess of inhibitor to maintain 

20 pseudo-first order conditions) for 1 h at 37°C. Control samples included only the 
enzyme, without the inhibitor. At the end of lh protease activity was assayed. For serine 
proteases the following substrates (Calbiochem ) were used at 1 mM (Al-Khunaizi et al. 9 
2002; Cooley et al. 9 2001): human cathepsin G - Suc-AAPF-/?NA; human elastase - 
MeOSuc-AAPV-/?NA in assay buffer (20 mM Tris-HCl, pH 7.4, 500 mM NaCl, 0.1% 

25 PEG) ; human granzyme B - IETD-/?NA; human granzyme A- BLT-pNA. For cysteine 
cathepsins, the following substrates (Molecular Probes) were used at 5 /zM: human 
cathepsin B, L, K and V, (Z-FR) 2 -R110; human cathepsin H, (Z-PR) 2 -R110 in assay 
buffer (50 mM NaAc pH 5.4, 4mM DTT, ImM EDTA)(A1-Khunaizi et al., 2002). 
Substrate hydrolysis was measured in a fluorescence microtiter plate reader (Spectramax 

30 Gemini XS, Molecular Devices). Percentage inhibition was calculated from the residual 
enzyme activity compared to no Spi2A controls. Incubation with alkaline phosphatase 
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tagged with C-terminal 3 x FLAG (Sigma-Aldrich) under the same conditions had no 
effect on protease activity. 

Transduction of Rel A -/ " MEFs with retrovirus encoding Rel A results in the 
5 expression of Rel A, Over expression of members of the Rel family of transcription 
factors are known to inhibit cell division (Bash et al. 9 1997). Therefore, to avoid over . 
expression of Rel A at levels greater than wild-type, RelA' 7 " MEFs were analyzed only 
24h after transduction. Rel A was detected in Rel A 7 ' MEFs 24 h after transduction with 
retrovirus encoding Rel A by probing immunoblots (50 jag per lane) with rabbit anti-Rel 
10 A (1 |ig/ml) (Sressgen Biotechnologies). 

Spi2A does not affect NF-kB activation. The possibility that Spi2A protects 
from TNF-a-induced apoptosis by directly activating NF-kB was examined. Therefore, 
using electrophoretic mobility shift assays (EMSAs), studies were conducted to 

15 determine whether Spi2A itself promotes NF-kB activation in nuclei from Rel A" A MEFs 
transduced with Spi2A or whether the abrogation of Spi2A mRNA up-regulation by 
Spi2A antisense message inhibits NF-kB activation in Rel A +/+ MEFs. In Rel A 7 " MEFs, 
super shift analysis of nuclear fractions with specific antibodies revealed the presence of 
p50/p50 homodimers and heterodimers of p50 and Rel-related proteins other than Rel A. 

20 As has been noted previously, the p50/Rel heterodimers but not the p50/p50 homodimers 
were induced by TNF-a (Franzoso et aL 9 1993; Franzoso et aL 9 1992). Importantly, the 
expression of Spi2A did not affect the expression of these NF-kB complexes. In Rel A +/+ 
MEFs, super-shift analysis confirmed the induction of p50/Rel A by TNF-a. The 
inhibition of Spi2A mRNA induction in Spi2A-A cells did not abrogate the induction of 

25 NF-kB by TNF-a. It was concluded that Spi2A does not directly affect the activation of 
NF-kB transcription factors following stimulation with TNF-a. Thus, the anti-apoptotic 
activity of Spi2A is unlikely to be mediated through the modulation of NF-kB activation. 

Kinetics of cathepsin B inhibition by Spi2A. The second-order association rate 
30 constant for the inhibition of cathepsin B by Spi2A was measured by following the 
continuous hydrolysis of the cathepsin B substrate, (Z-FR) 2 -R110, in presence and in 
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absence of a 10-fold excess of the inhibitor (Pseudo-first order conditions). Briefly, 20 
nM cathepsin B was added to 5 jaM substrate, in presence or in absence of 200 or 400 nM 
(10- or 20-fold excess respectively) of Spi2A in activation buffer. Reactions were 
performed in 96-well microtitre plates. The final reaction volume was 200 |il. The rate of 
5 substrate hydrolysis was continuously monitored for 3 min. The dead time for the 
measurement (the time between the addition of the enzyme to the substrate (with or 
without inhibitor) and the first spectrophotometric measurement was ~ 30 s. 

The inhibitory reaction was too fast to be measured using our conventional 
spectrophotometer. The enzyme was completely inhibited, within the dead time of the 
10 measurement. This indicated that the second-order association rate constant approached 
diffusion limited rates (> 10 6 M A s" 1 ). 

TNF-a disrupts the pH of lysosomes. Lysosome internal pH was measured by 
staining with the weak basic, lysosomotropic dye - acridine orange (AO) - and flow 

15 cytometry (Zhao et al. y 2000). Increase in lysosomal pH results a corresponding decrease 
in AO red fluorescence and the appearance of AO-low cells. It was shown that TNF-R1 
cross-linking results in the appearance of AO-low cells in Rel A 7 " MEFs transduced with 
control retrovirus (GFP) (Supplementary figure 4). Rel A" 7 " MEFs transduced with Spi2A 
exhibited the appearance of less AO-low cells. The appearance of AO-low cells can be 

20 interpreted as lysosomal rupture, and so it is possible that Spi2A in some way protects 
lysosomes from damage induced by TNF-a. 

Results 

25 NF-kB antagonizes the lysosomal pathway of cell death. NF-kB protects cells 

from TNF-a-mediated death through the up-regulation of protective genes, which inhibit 
the apoptotic cascade at several different points. A role for cathepsin B has been 
demonstrated in the TNF-R1 -induced death of several types of tumor cells using specific 
inhibitors of cathepsin B, such as CA-074 Me (Foghsgaard et ai, 2001). The complete 

30 inhibition of cathepsin B activity by CA-074 Me (30 ^iM) protected RelA' 7 " MEFs from 
TNF-a-induced death (FIG. 1A). Therefore, cathepsin B activity contributes to the 
susceptibility of RelA' A MEFs to TNF-a-induced apoptosis. 

25383653.1 

-57- 



Studies in primary and tumor cells have demonstrated that activation of TNF-R1 
results in the release of cathespin B from the lysosome into the cytoplasm where it 
triggers apoptosis (Foghsgaard et ai, 2001; Guicciardi et ai, 2000; Werneburg et ai 9 
2002). Using RelA* 7 ' MEFs, the effect of RelA complementation on the induction of 
5 cytosolic cathespin B activity after TNF-a treatment was examined. RelA" 7 " MEFs were 
transduced with retrovirus encoding RelA on a polycistronic mRNA encoding GFP 
(Zhang and Ren, 1998). As has been shown before, expression of RelA in RelA" 7 " MEFs 
restored NF-kB function and gave complete protection from TNF-a-cytotoxicity (FIG. 
IB) (Beg and Baltimore, 1996). The influence of NF-icB/RelA on the induction of 

10 cathespin B activity in the cytosol after treatment with TNF-a was next examined. An 
increase in cathepsin B activity of cytosolic extracts from control RelA' 7 " MEFs as early 
as two hours after treatment with TNF-a was observed, which then increased with time 
(FIG. 1C). In contrast, transduction with RelA extinguished cathepsin B activity in the 
cytoplasm of RelA' 7 " MEFs for as long as eight hours after treatment with TNF-a (FIG. 

15 1C). Thus, NF-kB may up-regulate genes that inhibit cathepsin B activity in the cytosol. 

Induction of Spi2 A by NF-kB protects from TNF-a -mediated cell death. The " 

transcription of Spi2A is induced by inflammatory stimulation and depends on NF-k- 
binding (Hampson et ai, 1997; Hampson et al. 9 2001; Inglis et ai, 1991). Initially, 

20 studies were conducted to determine whether Spi2A was a physiologic target of NF-kB. 
Spi2A mRNA (2.3 kb) was strongly induced by TNF-a in RelA +/+ MEFs, but this 
induction was completely abolished in NF-KB/RelA' 7 ' MEFs (Beg and Baltimore, 1996) 
(FIG. 2A). While dramatic, the induction of Spi2A expression occurred with slower 
kinetics compared to the expression of ikba, a known target of NF-kB (De Smaele et al y 

25 2001). These results indicate that Spi2A is a physiological target of NF-kB. 

The control of cell survival is critically dependent on the induction of protective 
genes by NF-kB transcription factors (Karin and Lin, 2002). Studies were conducted to 
examine whether Spi2A can protect ReLA" /- MEFs from TNF-a-induced death. RelA" 7 ' 
MEFs were transduced with retrovirus encoding Spi2A on a polycistronic mRNA with 

30 the GFP gene (Zhang and Ren, 1998). Cells from stable clones transduced with Spi2A 
(Spi2A cells) exhibited markedly improved survival against TNF-a, whereas cloned cells 
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transduced with vector alone (GFP cells) did not (FIG. 2B). Protection of RelA" /_ MEFs 
from TNF-a correlated with the expression of Spi2A protein (FIG. 2C). At low 
concentrations of TNF-a protection by Spi2A was virtually complete (FIG. 2B, see 0.5 
ng/ml TNF-a) and was dramatic even after 16 hours at high concentrations, indicating 
5 that Spi2A can temporarily substitute for NF-kB complexes in inhibiting TNF-a-induced 
apoptosis. 

To verify that cyto-protection mediated by Spi2A was not due to over-expression, 
we generated wild-type (RelA +/+ ) MEFs expressing Spi2A in an antisense orientation 
(Spi2A-A cells). After treatment with TNF-a, analysis by real-time PCR revealed that 

10 the up-regulation of endogenous Spi2A mRNA was abrogated in stable clones of Spi2A- 
A cells (Medhurst et al, 2000) (FIG. 3 A). Despite their ability to activate NF-kB, 
Spi2A-A cells exhibited a marked susceptibility to TNF-a-induced cell death (FIG. 3B). 
The sensitivity of Spi2-A cells to TNF-a was also observed in the absence of 
cyclohexamide (CHX), indicating that TNF-a-cytotoxicity was not due to an inhibition of 

15 protein synthesis in Rel A +/+ MEFs (FIG. 4). Thus, Spi2A is required to antagonize TNF- 
a-induced apoptosis, and protection from death is a physiological function of Spi2A. 

Spi2A protects from apoptosis. NF-kB protects cells from death induced by 
TNF-a by up-regulating the expression of genes which antagonize the mitochondrial 

20 pathway of apoptosis (Baldwin, 2001; Beg and Baltimore, 1996). Given the ability of 
Spi2A to substitute for NF-kB complexes in protecting from TNF-a, studies were 
conducted to determine whether Spi2A could inhibit the mitochondrial pathway of 
apoptosis. In RelA" A MEFs, TNF-a activation of caspase-8, 9 and 3, and the pro- 
apoptotic Bcl-2 family member Bid, was assessed by western blots (FIG. 5A), and in 

25 vitro enzyme assays (Budihardjo et al, 1999; Stegh et al, 2000) (FIG. 5B). 
Remarkably, the activation of both apical and executioner caspases, as well as Bid, was 
suppressed in RelA" 7 " MEFs that expressed high levels of Spi2A. In these cells 
mitochondrial depolarization - a key indicator of apoptosis - was virtually abrogated by 
Spi2A (Budihardjo et al, 1999) (FIG. 5C). Importantly, Spi2A also suppressed the 

30 production of reactive oxygen species (ROS), which mediate TNF-a-cytotoxicity 
(Goossens et al, 1995) (FIG. 5D). Thus, Spi2A abrogates TNF-a-induced caspase 
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activation, mitochondrial depolarization and ROS production in NF-kB null cells, thereby 
recapitulating the effects of the transcription factor on apoptosis (Wang et ai 9 1998). 

Spi2A inhibits lysosomal cysteine cathepsins. To determine the mechanism by 
5 which Spi2A antagonized apoptosis, studies were conducted to examine the protease 
specificity of Spi2A in vitro. Spi2A was purified from ReLA" /_ MEFs transduced with 
retrovirus encoding epitope-tagged Spi2A (Cooley et ai 9 2001) (FIG. 6 A). Spi2A 
inhibited both serine and cysteine proteases, similar to the serpin, SQN-5 (Al-Khunaizi et 
al 9 2002). Spi2A inhibited the chymotrypsin-like, serine protease cathepsin G, but not 

10 elastase or either granzyme B or granzyme A (FIG. 6B). The specificity of Spi2A for 
cysteine proteases extended to all of the lysosomal, papain-like proteases that were 
examined - cathepsin B, V, L, K and H. Spi2A inhibited cathespin B with a rate constant 
k of > 10 6 M" 1 s" 1 , and so is likely to be a physiologically relevant inhibitor in vivo 
(Silverman et al, 2001). However, the inhibitory effects of Spi2A did not extend to any 

15 of the caspases tested (3, 8 or 9) (FIG. 6B). Thus, Spi2A is a cross-class specific 
inhibitor of both serine proteases and lysosomal cysteine cathepsins. 

Spi2A localizes to the cytoplasm and nucleus* Spi2A is an unusual member of 
the chymotrypsin-like family of serpins in that it lacks a secretory signal sequence and so 

20 is likely to be located intracellularly (Hampson et al 9 1997). To further examine of 
Spi2A in protection from TNF-ot-induced apoptosis we first determined the intracellular 
location of FLAG-tagged Spi2A in stably transduced Rel A _/ " MEFs (FIG. 2B). 
Immunofluorescence studies revealed staining with anti-FLAG antibodies in the 
cytoplasm and nucleus. Z-section analysis confirmed uniform distribution of anti-FLAG 

25 staining throughout the cytoplasm rather than in the plasma membrane. It was concluded 
that Spi2A resides in the cytoplasm and nucleus. The nucleo-cytoplasmic localization of 
Spi2A revealed by these studies is concordant with findings of others with macrophage 
cell lines and COS cells using Spi2A anti-sera in immuofluorescence studies (Morris 
et al. 9 2002). Localization in the cytoplasm raises the possibility that Spi2A may protect 

30 from apoptosis through the inhibition of cathepsin activity after release from the 
lysosome (FIG. 1C). 



25383653.1 



Spi2A antagonizes the lysosomal pathway of cell death. The up-regulation of 
Spi2A by NF-kB protects cells from apoptosis following ligation of TNF-R1 (FIG. 2). 
Spi2A can inhibit cathepsin B in vitro (FIG. 6B), and is located in the cytosol. Therefore, 
5 the induction of Spi2A and inhibition of cathepsin B after it is released into the cytoplasm 
may be a mechanism by which NF-kB antagonizes the lysosomal pathway of cell death 
(FIG. 1). 

As was observed with Rel A complementation (FIG. IB), Spi2A inhibited the 
induction of cytosolic cathepsin B activity, after treatment of Rel A" A MEFs with TNF- 

10 a (FIG. 7 A). Direct treatment of cells with sphingosine causes the release of cathespin B 
from the lysosome and the induction of apoptosis (Foghsgaard et aL> 2001; Kagedal et 
al. 9 2001; Werneburg et aL, 2002). Consistent with a role in protecting from lysosome- 
mediated apoptosis, Spi2A could protect Rel A" A MEFs from death after treatment with 
sphingosine (FIG. 7B). Overall, these results indicate that Spi2A abrogates TNF-a- 

15 induced activation of cytoplasmic cathepsin B in NF-kB null cells, thereby recapitulating 
the effects of the transcription factor on the lysosomal pathway of apoptosis. 

Importantly, the inhibition of endogenous Spi2A mRNA expression by antisense 
Spi2A resulted in the induction of cytoplasmic cathepsin B activity after treatment of 
RelA +/+ MEFs with TNF-a (FIG. 7C). These results indicate that the inhibition of 

20 cathepsin B activity in the cytosol by Spi2A is a physiologically relevant mechanism by 
which NF-kB protects cells from the lysosomal pathway of apoptosis. 

EXAMPLE 2 
Spi2A Inhibits Caspase-Independent Cell Death 

25 

Materials and Methods 

TNF-a death assays. NIH3T3 cells were transduced with MIGR1 retrovirus 
(Zhang and Ren, 1998) encoding either GFP alone, or Spi2A in the forward (sense) or 
reverse (antisense) orientation and stable clones generated, as described previously (Liu 
30 et ai, 2003). Cells were treated with TNF-a (R&D) and after 16 h the number of live 
GFP-positive adherent cells were counted by flow cytometry (Liu et al. 9 2003). Live 
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cells were defined as those that excluded propidium iodide (Pi-negative) and had the 
appropriate size, as defined by forward and side light scatter characteristics. Caspase 
activity was inhibited by pre-treatment of cells or extracts for 1 h with Z-VAD.fmk (ICN 
Biomedicals Inc; 50 /xM). Complete inhibition of caspase activity was verified by enzyme 
5 assay (Liu et aL, 2003). In anti-sense experiments the level of Spi2A mRNA was 
quantitated by real-time PCR using primers and probes specific for Spi2A (Inglis et aL 9 
1991) and cyclofilin A control mRNA (Medhurst et aL, 2000), 4h after treatment with Z- 
VAD.fink (50 /xM) and TNF-a (10 ng/ml), as described previously (Liu et aL, 2003). 

Death effector assays. Death effector pathways were induced in by treatment of 

10 NIH3T3 cells with TNF-a (10 pg/ml) and Z-VAD.fink (50 fiM). Colorimetric assays for 
cathepsin B were performed on crude cytoplasmic extracts (Stegh et aL, 2000). Briefly, 
NIH3T3 cells (10 6 ) were lysed in 10 mM TrisCl, pH 7.5, 100 mM NaCl, 1 mM EDTA, 
0.01% Triton X-100 (50 /xl) for 30 min on ice then centrifuged at 15,000 x g for 30 min at 
4°C and the supernatant recovered. Protein concentration was determined by Lowry 

15 assay (DC-protein assay kit, Biorad). Cathepsin B was assayed in reaction buffer using 
the p-Nitoaniline (pNA)-labeled substrate Z-RR-/? NA (Calbiochem) (Barrett and 
Kirschke, 1981). Specific activity was determined by subtracting the apparent activity 
detected in the presence of the cathepsins B inhibitor CA074-Me (30 fiM) inhibitor 
(Peptide Institute) (Liu et aL, 2003). Mitochondrial membrane potential and ROS 

20 production was measured using the fluorescent dyes JC-1 (3 /xg/ml) and dihydroethidium 
(HE) (5 /iM) (Molecular Probes) respectively, and flow cytometry according to the 
manufacturer's instructions. 

Results 

25 

Spi2 A protects from caspase-independent PCD. Complete inhibition of caspase 
activity by Z-VAD.fmk can sensitise normally resistant cells with wild-type levels of NF- 
kB to TNF-a-induced PCD (Vercammen et aL, 1998; Khwaja and Tatton, 1999). In FIG. 
30 9A, as expected (Khwaja and Tatton, 1999), complete inhibition of caspase activity by 
Z-VAD. fink sensitised NIH 3T3 fibroblasts to PCD by TNF-a was shown. 
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Lysosomal cathepsins, such as cathepsin B, can induce PCD in the absence of 
caspase activity (Foghsgaard et ai, 2001). This raises the possibility that because Spi2A 
is a potent inhibitor of cathepsin B, it may protect against a caspase-independent program 
of cell death (Borner and Monney, 1999). To address this, NIH 3T3 cells were 
5 transduced with retrovirus encoding Spi2A (Spi2A cells) on a polycistronic mRNA with 
green fluorescent protein (GFP) and stable clones which express high levels of Spi2A 
generated (Liu et a/., 2003; Zhang and Ren, 1998). In the absence of caspase activity, 
Spi2A cells exhibited markedly improved survival against TNF-a, compared to cloned 
cells transduced with GFP alone (GFP cells) (FIG. 9B). Therefore, Spi2A can protect 
1 0 against caspase-independent PCD. 

Spi2 A is a physiological inhibitor of caspase-independent PCD. To verify that 
cyto-protection from caspase-independent PCD mediated by Spi2A was not due to over 
expression, clones of NIH3T3 cells expressing Spi2A in an anti-sense orientation (Spi2A- 

15 A cells) were generated (Liu et al. 9 2003). It has been shown that prior treatment with 
TNF-a induces the expression of Spi2A in an NF-KB-dependent manner (Liu et ai 9 
2003). As expected, real-time PCR revealed that in the presence of Z-VAD.fmk, 
treatment with TNF-a resulted in the up-regulation of Spi2A mRNA in control NIH3T3 
cells (Medhurst et ai, 2000) (FIG. 10A). Importantly, after treatment with TNF-a the up- 

20 regulation of endogenous Spi2A mRNA was abrogated in stable clones of Spi2A-A cells 
(FIG. 10A). 

In the absence of caspase activity, the inhibition of endogenous Spi2A mRNA 
expression by anti-sense message resulted in a marked increase in the susceptibility of 
cells to TNF-a -induced PCD (FIG. 10B). It has been previously shown that Spi2A has 
25 no direct effect on NF-kB activation, therefore is unlikely that the knock-down in Spi2A 
expression increased PCD by impairing NF-kB function (Liu et ai 9 2003). Thus, Spi2A 
is required to antagonize TNF-a -induced PCD in the absence of caspase activity. 

Spi2A suppresses mitochondrial pathways of PCD in the absence of caspase 
30 activity. The permeabilization of the outer membrane of the mitochondrion is central to 
most caspase-independent death programs (Jaattela and Tschopp, 2003). One important 
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consequence of damaged mitochondria is the release of reactive oxygen species (ROS), 
which are thought to be particularly important in mediating TNF-Qf cytotoxicity 
(Goossens et al. 9 1995). Given the ability of Spi2A to protect from caspase-independent 
PCD, studies were conducted to determine whether Spi2A could protect cells from 
5 mitochondrial depolorization and ROS production. The knock-down in Spi2A 
expression resulted in the onset of mitochondrial depolorization (FIG. 11 A) and ROS 
production (FIG. 11B) after treatment of Spi2A-A cells with Z-VAD.fink and TNF-a . 
Therefore, these results indicate that Spi2A is a physiological inhibitor of caspase- 
independent mechanisms of PCD. 

10 

Spi2A is a physiological inhibitor of the lysosomal pathway of death in the 
absence of caspase activity. Cysteine cathepsins, notably cathepsin B, are potent 
inducers of both caspase-dependent and caspase-independent PCD (Guicciardi et al. y 
2000; Foghsgaard et al. 9 2001; Liu et al, 2003). Spi2A is located in the cytoplasm and so 

15 can protect from caspase-dependent apoptosis by suppressing cytoplasmic cathepsin B 
activity after it is released from the lysosome (Liu et aL, 2003). Studies were conducted 
to determine if this mechanism of cyto-protection by Spi2A extends to the inhibition of 
caspase-independent PCD. In the absence of caspase activity, the inhibition of 
endogenous Spi2A mRNA expression by antisense Spi2A resulted in the induction of 

20 cytoplasmic cathepsin B activity after treatment of NIH3T3 cells with TNF-a (FIG. 12 A). 
Thus, the inhibition of cytosolic cathepsin B by Spi2A is a physiologically relevant 
mechanism by which Spi2A blocks the lysosomal pathway of cell death in the absence of 
caspase activity. 

25 Spi2A protects NIH3T3 cells from death due to reactive oxygen species. 

NIH3T3 fibroblasts from independent clones harboring control retrovirus (GFP clones #, 
18, 12 and 2) or one expressing Spi2A (Spi2A clones# 6, 4 and 2) were incubated with 
Naphazarin - a known initiator of Reactive Oxygen Species (ROS). After 16 hours, the 
percentage of live cells was determined by flow cytometry as described in Liu et al. 9 

30 2003. A significantly increased survival of cells from all three clones expressing Spi2A 
compared to GFP controls was observed (FIG. 12B). 
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EXAMPLE 3 

Identification of Spi2A as a Protective Gene that Facilitates the 
Differentiation of Memory T Lymphocytes 

5 Materials and Methods 

Mice. Wild type C57BL/6, RAG1' A C57BL/6 (Mombaerts et aL 9 1992), CD8" A 
C57BL/6 mice (Fueng-Leung et al. y 1991) (obtained from The Jackson Laboratory), 
RAG1 +/+ B6.2.16 (Kisielow et al. y 1988) and RAGr A B6.2.16 transgenic mice (Opferman 
et al. 9 1999) (129/SvJ x C57BL/6) were maintained and bred under standard specific 
1 0 pathogen free (SPF) conditions. 

Anti-HY memory CD8 cells. Naive B6.2.16 CD8 cells (>85% pure) were 
isolated from the lymph nodes (LN) of female RAG1 -deficient B6.2.16 mice (Opferman 
et ai 9 1999). Anti-HY effectors were generated by culturing splenocytes from female 
15 RAG 1 -deficient B6.2.16 mice with HY peptide for 4 d as previously described 
(Markiewicz et al. 9 1998). Anti-HY effectors (>95% pure) were adoptively transferred 
into female RAG 1 -deficient mice. After 200 d, memory B6.2.16 CD8 cells (>80% pure) 
were recovered from the spleens and LNs by magnetic bead sorting with anti-thyl.2 
beads (Miltenyi Biotec). 

20 

LCMV Infections. LCMV Armstrong was stored as high titer stocks as 
described before (Lin and Welsh, 1998). For primary infections C57BL/6 mice were 
infected by intra-peritoneal (i.p) injection of 2 x 10 5 plaque forming units (PFU) of 
LCMV and for secondary infections 10 6 PFU i.p. To obtain primary CTL effectors from 
25 the spleen, mice were sacrificed after 8 d and to obtain memory CD8 cells, mice were 
sacrificed no sooner than 80 days after infection. Secondary effectors were obtained from 
the spleen 5 d after re-infection of C57BL/6 mice, which were previously with LCMV 60 
d before. 
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Flow Cytometric Analyses. The following mAbs were used: anti- 
CD8a (allophycocyanin [APC] -labeled), anti-B220 (R-phycoerythrin [PE] labeled), anti- 
CD44-PE, anti-IFN-y-PE (rat IgGi) and rat Igd-PE isotype control (Pharmingen). H- 
2D b -tetramers were refolded with the following LCMV peptides: NP 396 [FQPQNGQFI 
5 (SEQ ID NO:23)], GP 33 [KAVYNFATM (SEQ ID NO:24)] or GP 276 
[SGVENPGGYCL (SEQ ID NO:25)] and labeled with streptavidin-PE, as described 
previously (Ober et aL 9 2000). Suspensions of splenocytes were prepared after red blood 
cell lysis and Ficoll-purification (Coligan et al, 1995) and stained with a cocktail 
including all three PE-labeled tetramers (each at 5 ^tg/ml) and anti-CD8oc mAb or a 

10 combination of other mAbs for 30 min at 4°C in staining buffer as described before 
(Murali-Krishna et al, 1998). T cells were enriched by magnetic sorting with anti-thyl .2 
beads before purification by FACS (MoFlo; DakoCytomation). Naive cells 
(CD44 l0w CD8 + ) were FACS-purified from the spleens of un-infected C57BL/6 mice by 
staining with anti-CD8a-APC and anti-CD44-PE antibodies. 

15 To detect functional memory cells, splenocytes (5 x 10 6 /ml in 0.2ml) were 

incubated with all three LCMV peptide antigens (each at 10" 7 M) for 5 h in the presence 
of Golgi-block according to manufacturer's instructions (Pharmingen). Cells were fixed 
in 1% paraformaldehyde, permeabilized with 0.3% saponin and stained with anti-IFN-y 
or isotype control (rat IgGi) mAb according to manufacturer's instructions. 

20 

Analysis of gene expression. RNA from B6.2.16 CD8 cells was isolated using 
Trizol® Reagent (Invitrogen) and used to make cRNA for hybridization with Affymetrix 
Gene Arrays® (MullKA and MullKB) according to the company's instructions. RNA 
from anti-LCMV CD8 cells was purified using Trizol® Reagent (Invitrogen), and then 

25 cDNA was generated using Superscript™ First-Strand Synthesis System for RT-PCR 
(Invitrogen). The unique specificity of each set of primers and probes was verified by 
checking the sequences against the GenBank database (which may be found at the 
National Institutes of Health website on the internet). Probes contained the fluorescent 
reporter dye FAM and either TAMRA or QSY7 as the quencher (MegaBases, Inc.). 

30 Real-timePCR reactions were carried out using TaqMan® Universal PCR Master Mix (PE 
Applied Biosystems) and run on an ABI Prism 7700 Sequence Detection System. The 
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slope of the standard curve describes the efficiency of the real-time PCR, which allowed 
us to ensure that the real-time PCR reactions consistently ran at > 90% efficiency. The 
relative RNA concentrations were calculated by dividing the concentration of candidate 
gene RNA by the concentration of the cyclophilin A control gene (Medhurst et ai, 2000). 

5 

Retrovirally transduced bone-marrow chimeras. Donor C57BL/6 mice (8-10 
w) were injected i.p. with 5-fluorouracil (150 mg/Kg; Sigma) and after 5 d bone marrow 
was harvested and plated in 24-well plates (10 6 /well) for 48 h in conditioned medium 
[DMEM with 15% heat-inactivated fetal calf serum, penicillin (10 U/ml), streptomycin 

10 (10 |ag/ml), L-glutamine (2 mM), and P-mercaptoethanol (5xl0* 5 M), recombinant (r)- 
mouse IL-3 (20 ng/ml, Biosource International), IL-6 (10 ng/ml, R&D), r -mouse stem 
cell factor (50 ng/ml, Biosource International ) and r- human flt3 ligand (50-100 ng/ml, 
R&D)]. Stem cells were then harvested and transduced with MIGR1 MuMLV (Zang and 
Ren, 1998). The production of MIGR1 empty control virus (GFP) or those viruses 

15 encoding Spi2A in the sense (Spi2A) or anti-sense orientation (Spi2A-A) on 
polycistronic messages with GFP has been described before (Liu et al, 2003). For 
transduction, bone-marrow stem cells (1.5xl0 6 ) were re-suspended in 24-well plates with 
retrovirus supernatants (2 ml/well) in conditioned medium containing polybrene (8 
(ig/ml) and centrifuged (1000 x g) for 3 h at 4°C. After two days, C57BL/6 CD8- 

20 deficient mice (6-8 w) were y-irradiated (1200 rads) then injected intravenously (i.v.) 
with transduced bone marrow (1.5-2.0 x 10 6 cells/mouse). 

Results 

25 Identification of genes up-regulated in memory CD8 cells. Gene-array 

technology was used to broadly survey differences in gene expression between memory 
and naive CD8 cells. In this study, CD8 cells that express the B6.2.16 transgenic TCR 
(Kisielow et aL, 1988) that recognizes the male-specific HY peptide presented by H-2D b 
(Markiewicz et aL 9 1998) were used. NaiVe anti-HY CD8 cells were obtained directly 

30 from the lymph nodes of female RAG 1 -deficient B6.2.16 mice (Opferman et aL, 1999). 
Anti-HY CTLs were generated by in vitro culture of B6.2.16 CD8 cells with HY peptide, 
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and then adoptively transferred to antigen-free, RAG 1 -deficient mice. After 200 days, 
memory B6.2.16 CD8 cells were purified from the spleens of these recipients, as 
described previously (Markiewicz et aL, 1998; Opferman et al. 9 1999). Analysis of 
approximately 1 1,000 mouse genes using RNA isolated from naive and memory B6.2.16 
5 CD8 cells revealed that 241 genes were significantly up-regulated by at least 2-fold in 
memory CD8 cells (Table 2 and Table 3). 



TABLE 2: DNA 11KA ARRAY ANALYSIS OF GENE EXPRESSION IN 86,2.16 
CD8 CELLS 

10 



Accession 
Number 


Gene 


Fold 
Change 


Sort 
Score 


AA1 65775 s at 


EST 


42.5 


20.58 


L28117 s at 


Mouse NF-kappa-B (p105) mRNA 


36.8 


16.82 


aa1 99380 s at 


EST 


32.4 


13.03 


a a4 15898 s at 


EST 


26.9 


13.21 


aa617493 s at 


EST 


23.8 


11.87 


aa542220 s at 


EST 


21.2 


10.37 


aa6 16578 s at 


EST 


20.3 


8.97 


U29947 s at 


lus musculus alpha-D-mannosidase (Man2b1) mRNA, 


19.3 


9.46 


aa1 78252 s at 


EST 


16.8 


3.1 


J05261 f at 


Mouse protective protein (Mo54) mRNA, complete cds 


16.4 


9.43 


m19681 s at 


Platelet-derived growth factor-inducible protein (JE) gene 


15.4 


6.16 


aa521734 g at 


EST 


14.7 


6.28 


aa711915 at 


EST 


14.4 


6.79 


m74294 s at 


Mouse IL-1rn antagonist protein mRNA, complete cds 


14.4 


6.47 


aa1 03548 s at 


EST 


14.2 


4.88 


aa050541 s at 


EST 


13.8 


4.96 


aa474495_at 


EST 


12.2 


0.8 


U59807 f at 


Mus musculus cystatin B (Stfb) gene, complete cds 


11.4 


4.53 


aa546670 s at 


EST 


11.4 


4.52 


U43085 s at 


Glucocorticoid-attenuated response gene 39 (GARG-39) mRNA 


10.8 


4.8 


aa616057 at 


EST 


10.8 


3.8 


aa575696 at 


EST 


10.5 


4.59 


U51014 s at 


Mus musculus prolidase (pep4) mRNA, complete cds 


9.7 


0.82 


aa1 84455 at 


EST 


9.6 


3.15 


aa124813 s at 


EST 


9.5 


3.39 


aa616705 s at 


EST 


9.3 


5.3 


AA403550 s at 


EST 


9.2 


3.72 


aa050066 s at 


EST 


9 


3.58 


I02333 s at 


Bilirubin/phenol family UDP glucuronosyltransferase (ugtBr) 


8.6 


3.19 


I32974_s_at 


Mouse interferon-inducible protein homologue mRNA 


8.5 


7.73 


D18303 rc at 


Mouse 3'-directed cDNA; MUSGS01 123; clone md1345 


8.3 


3.14 


I75822 s at 


Mus musculus follistatin-like protein mRNA, complete cds 


8.3 


0.55 


X00686 3 at 


X00686 Mouse gene for 18S rRNA 


8.2 


4.83 
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Accession 

Klitmhor 
IXUIIIUVI 


Gene 


Fold 

Chan rip 


Sort 


H444R4 q at 

L/'t'tHU't o dl 


Mmicp mRMA for uriHinp nho^nhorv/la^p rnmnlptp rHc. 




2 07 


aa1QR409 q at 

ad Is7(ttUc. o ol 


i_ 0 1 


8.2 


1.55 


aa199717 at 
dd I C.C. f l f dl 


to 1 


8 1 


9 RR 


AA194ROA c at 


CO 1 


ft 

%j 


2 78 


AA9ftft9ftO q at 

rvrVZ.OO^OU o dl 


FRT 

CO 1 


7 Q 


2.8 


33479^99 at 


F<^T 

CO 1 


7 Q 

f .C7 


9 77 

£,.11 


1 OOQ70 e at 
LOjCy/o S dl 


r\/|/-\i ico thiv/miriwlato Linaco hnmnlnniio mRMA rnmnlata pHc 
IVIvJUoc ll lyiTilUyldlc Mlldbc ilUIIIUIUyUc liir\l>IM, CUTTipioie UUb 


7 ft 


^ ftQ 


1 I79R4°. c at 
U / ZD*f O S dl 


U/mnhrkf^x/to cnor^ifif^ tranc/^ririt (\ mRMA nar+ial pHc 

lyi iipi luuyic optJoniu iidiibisiipi ^loi / iiirviNM, pdiiidi luo 


7 9 


ft 47 


1118494 c at 
U 1 0*t£*t b dl 


IV^i ic mncrMiliic Kaotoria hinHinn marrrtnhano rpr^pntr»r IMAROO 
iviub iiiuoouiuo uduimid uiiiuiny iiiduiupiidyt? icutjpiur ivimino w 


7 9 


9 n^ 


AA9Hft77fi c at 


CO 1 


7 
f 


9 7 


aa9Rnft97 c at 
aaZOUOZr S dl 


CO 1 


7 
f 


1 49 


aa9777**Q at 
ddZ r / f J3 dl 


Co 1 


R Q 
o.y 


1 97 


aa1 7*V7ft4 c at 
dd \ Of OH b dl 


CO 1 


R ft 

D.O 


Q Hft 


AAR174H8 rr» e 


CO I 


R R 


1 79 


I Iftfil X7 c at 
UODIsJf S dl 


\hi ic mi ic^i 1I1 ic tolrt mora co nrntoin.'l mRMA rrtmnloto r>Hc 
IVIUo FllUouUlUb IClUIIICldoC piUlClll- 1 lilrxINM, UUUIfJlClC LUo 


R R 


1 7 
i . r 


aafifiR^R c at 


F<^T 
CO 1 


R R 


1 ^ft 

1 .JO 


aa9RR99R n at 
dd^vO^Q y dl 


CCT 
CO 1 


R 4 


9 1fi 


aaR7^^^ at 
ddD f OOOO dl 


CO I 


R 9 


9 ^7 


aa917941 q at 
dd/L I / £.H 1 b dl 


CO 1 


R 2 


1 Q9 


P7ftOR9 rr f at 
Of OUQ^ IO 1 dl 


F^T 

CO 1 




1 89 


r7*^Q49 rr* c at 


F^T 

CO 1 




1 fi^ 
1 .UO 


M194ft1 °. Qt 
IVI ItHO I O ol 


M194A1 IWIonco pv/tnnlacmif* Kota-ar^tin mRMA 


6 1 


^ 08 


AFni°.114 c at 


P*\/tr^ l^fno ror»ontnr_liUo mnlor*iilo /CRI*^\ mRMA p/^mnloto 
oyiUMllc itJUCpiui iif\tJ 1 1 luicouio \coioy MirxiNrA, lAJIIipidC bUO 


R 1 




ddZ/UyOD S dl 


C<5T 
Co 1 


R 1 

D. 1 




aa1 / *7fi9fi c at 
ddlOrO^U S dl 


Co 1 


ft 


0 ft4 


ddOZU I I O S dl 


Co 1 


R 
O 


0 ^ft 

u.oo 


ao11fi7^ e at 
dd I I Of JJ S dl 


Co 1 




9 


aa/lft94ftfi c at 
dd z tD^*tOO S dl 


Co 1 


^ 7 

O. f 


0 ftft 
u.oo 


aaiOof*to ax 


Co 1 


^ 7 
f 


0 47 


1-097*19 c at 
KUZ f o^: S dl 


PnmnlamAnt ^nmnnnanl mDMA alr*ha onH Kiota ciiKiinitc 

\^onipierneni cornponeni oo mr\iM/H, dipna ana ueia suDuniib 


^ R 


9 ft7 


aain^7n c at 
ddlUoO/U S dl 


CCT 
CO 1 


^ R 


1 ^7 


MDuuooyo Q, dl 


KAt 10 miiconliic mRMA fnr mf^ni 1 r\ ^nmnloto pHe 

ivi us rnuscuius mrviNM Tor mopi i p, compieie cas. 




0 7Q 


aa9ft^ftOH c at 

aazouoo i b di 


pox 

Co I 


^ 4 


9 


1 I447°.1 c at 
U*tH iO I b dl 


KA \ ic miicfiihic m itativo mirino niif^lootSHo KinHinn nrntoin mRMA 
iviub iiiuoisUiUo puidiivc puiiiio iiuuiciJiiut; uuiuiiiy piwicni iiirviM/A 


^ 4 


2 1^ 


ifl^RR^ c at 
| U 3D D O o_d I 


^^^tl ico v/ac Hoforonc 0 nHrnnon rolatoH r^rrvtoin /IV^\/f"^P^ mRMA 
IVIUUoU Vdb Uclclcilo dliuruycll luldlcU piUlclll ^IVIVUrJ IllrMNM 


*i 4 




n1Q4A9 c at 
11 1 0^. S dl 


\A 1 1 c im 1 10P1 1I1 ic P1fl lil/a r'homrvl^ino mRMA romnlotD /»He 

iviub mubcuiub V-/ iu-iii\c uncrnuKiric mr\i>iM, tAjmpicic oub 


^ 4 


1 4°. 


aa f \4 Q .Q7n at 
ddO*rO;7fU dl 


F^T 

Co I 


*i 4 


0 QQ 


H0709 0 a f 
I I Of d£. b dl 


K i ico marrnnhon o_c nor^ifir* intonral momKrano orrttoin /Mramr^ 
IVIUUoU 1 1 IdLflUpi Idy c-optJUIIIO llllcyidl illtJIIIUIdllt; piUldll ^INIdllipy 


^ 1 


^ 1R 


IVI 33 I O** 5 dl 


\Ars i icq tranc/ili itaminaco fTf^aco\ mRMA m r\ I oto rHc 

iviuubc irdnbyiuidrnindbt? \ivjdbt?7 iiirviNM, ouiiipitJit? oub 


^ 1 
□ . 1 


9 47 


aff)1ft9Rft at 
dlU I OZOO dl 


\Ai ic mi icr*i 1I1 ic Q rv_a I nha mRMA pnm nloto rHc 
IVIUo IllUbOUIUo Op-dipild lllrxINM, UUIIipitJltJ UUo. 


R 1 


1 9^ 


i 1QQ09 0 at 

LiyyoiC s ai 


Mouse vu6ia ig-noj mrciNM, compieie cus 


c 

o 


4 *^R 

H.JD 


aalftS^ftS <; at 
dd iojouj 0 di 


EST 

CO 1 


5 


1.38 


aa611449 at 


EST 


5 


1.25 


aa182189 at 


EST 


4.9 


5.48 


m31419 f at 


Mouse 204 interferon-activatable protein mRNA, complete cds 


4.9 


2.36 


L42293 s at 


Mus rnuscuius acyl-coenzyme Axholesterol acyltransferase mR 


4.9 


1.91 


U73004 s at 


Mus rnuscuius secretory leukocyte protease inhibitor mRNA 


4.8 


4.36 
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Accession 

Numhpr 


Gene 


Fold 
Chanae 

iHi iyu 


Sort 
Score 


rild^RR f at 

vl It OUU l dl 


I mrw9 npnp fnr 1 MP-9 nnlx/npntirip anH Tan-1 npnp ( pxon 1-3^ 


4.8 


2 28 


aafiOftlfin c at 


EST 


4.8 


0.95 


iiOQ13ft q at 

UU9 1 OO O dl 


nprnYicnmp nmlifpratnr artiv/atpH nrntpin-fiamma-9 

UCI UAIoUl 1 IC UlUIIICIdlUI dUUVdLCU UIUICIII ydlllllld ^ 


4.8 


0 42 


MRD474 f at 

IVIUUH it 1 dl 


Moiiqp m\/rictr»\/latpH alaninp-rirh f%kinacp cnhctratp fMAROKS^ 
iviuuoc 1 1 ly 1 loiuy laicu didiiuic iil»ii w iviitdoc ouuoiidic uvirv \\yi\vjy 


4.7 


3.8 


M^R9ftft c at 
IVIoO^OO o dl 


Miiq miicriiliiQ nrani ilnr\/tp rnlnnv-ctimiilatinn fartnr r(^rt>n\nr 
iviuo 11 iuoV/Uiuo y i di luiuuy ic v*uiui ly ©111 1 luidiii ly iduiui icucfjiui 


4 7 


2 8S 


aa4993^fi q at 
dd*r^£ooO__o_dl 


FCT 


4 7 


1 74 


UUJ&UJ o dl 


N/1 M c mi ten ill ic RAI R/r nr\4QR nono 
iviuo iiiuoouiuo DnLD/u yu**cJD yciic 


4 6 

*T.U 


^ 79 


1 1ft 9ft 1 rr n at 
LOO^O I IU y dl 


immi inp-rpcnnnQiup npnp 1 /Irn1\ mRMA 3* pnH nf rHc 
ii 1 11 1 mi lei couvi ioi vc y ci ic 1 V" y ' / " ,r ^" ^ ci iu ui uud 


4 6 
*t.u 


9 4fi 

4L.*TU 


r7747fi rr at 
Of iHiO IU dl 


CCT 

r_o 1 


4 R 
*t.u 


9 m 


aa1ftOA19 n at 


L- O 1 


4 5 


2 fifi 


m1997Q c at 
ill i / y o di 


1 ntorfomn_inHi irorl Mv nrotoin rocictanro tr» infliiPn7a uiriic 

IIIICI ICIUII II IUULCU IVIA |JILIieill ICololdllUC l\J IIIIIUCII£.d VII Uo 


4 5 


9 OR 


YflOfiftft ^ at 
AUUDOO o dl 


IVIUUoc yclltJ IUI IOO 1 fxINM 


4 ^ 


n qr 


aa9RRAftft c at 
ddtOOOOO o dl 


F^T 

L-O 1 


4 5 


0 7fi 

U>f u 


P7R73Q rr at 
o/ uf oy ru di 




4 4 


1 4R 
1 .*tu 


rlft^RAft c at 

UOOOHO o dl 


MnQriihiQ HnmpQtiriiQ mRMA fnr C*.-C\ rhpmnkirip rprpntnr ^ 

IVIUOWrUIUO ViUIIICOUV/UO llllMNA IUI V-> w UI ICI 1 IUr\ll IC7 ICvCfJIUI iJ 


4.4 


1 04 
1 .u*t 


aann9704 at 
ddUUtf u4 dl 


F^T 


4 4 


0 7 


1 11Q1 1Q c at 

U l\7 I I v7 o dl 


K^i ic mi icn iti ic f^-nrntoin-liko 1 RfT^-47 mRMA nnmnlpfp rHc 

IVIUO IIIUoUUIUO O UIUICII l~lll\C L.r\0 *+ / llliMNrN, lA^IIIUIClC OUO 


4 ^ 


9 1^ 


i iPlfiQAfi c at 
UUD57HO o dl 


\At ic mi icn ill ic ctrain RalK/r Fac linanrl mRMA 
IV1U0 MiUouUiUo oil dill DaiU/v i do uydllU nir\iN/A 


4 ^ 


1 R4 
1 ,u*t 


1 I7n^3ft q at 
U / UOOO o dl 


1 inP-^alM Ar*rw"il\/nQntiHp M-arptvlnalartncamin\yltrancfpraQP-X'^ 
ULyi OdiiM^vy.puiypcjJiiuc iN'duciy ly did^iuodi 1 111 lyiu di ioici do*r 1 0 


4 ^ 


0 Q8 


AA1ftQ7fl9 at 
nnlOaf U4 dl 


F^T 


4 2 


4 1S 


33973^74 f at 
dd^f OJft i di 


F^T 

i_o 1 


4 2 


2.81 


i iOKRHQ c at 
UUOOUo o dl 


K^i ic mi icn ill ic 1 AF-1 tranckotnlaco mRMA rnmnloto rHc 
iviuo iiiuoouiuo Lnr i u di lorveiuidoc iiirMNAA, uuniuicic uuo 


4 9 


9 7ft 


M9R1fift c at 

\J4LKJ 1 uo o di 


F^T 

L-O 1 


4 2 


2.73 


aa977fi.ftft c at 
dd^f f UOO o dl 


CO 1 


4 9 


1 ftR 

1 .OU 


aafi17449 c at 

ddO I f HHc o dl 


F^T 


4 9 


n 77 

U. 1 1 


I |7Rft'59 c at 
U f OOO^ o dl 


Mi ic miicriilnc rtlacma momhrano nrntain cuntaYin-4 mRMA 
iviuo niuoisUiuo uidoiiid inciiiuidiic uiuicni oyiiidAiii^t iiirviNrA 


4 9 


0 W? 


afnift9fift n at 
dlUIO^UO LJ dl 


Mnc miicriilnc ^n-alnha mRMA rnmnloto rHc 

IVIUO IIIUoLrUIUO OU dIUI Id lllr\l>l/A t LrUIIIUlCLC UUO. 


4 1 
*t. 1 


4 19 


aa919ftQft c at 
dac. I^Oo'O o dl 


CCT 
CO 1 


4 1 


1 9ft 


aa1ft9Qftfi q at 
dd I O^aOU o dl 


F^T 

CO 1 


4 1 

*T. 1 


0 2^ 
u.^.o 


aa^4^7ft^ c at 
aao*fOf oo o di 


CO 1 


^ Q 


1 1 

1 . 1 


aa93fift31 c at 
dd^OUOO I o dl 


F^T 

CO 1 


^ Q 

O.C7 


0 7fi 

U. f u 


aafift9fl37 rr at 
ddQO&UOf IU dl 


F^T 

CO 1 




0 63 


aa^ ( V73fi c at 
ddJUvf OO o dl 


F^T 

CO 1 




0 31 

v.O 1 


aa919Qft1 q at 
dd£ I ^jO I o dl 


CO 1 


^ ft 


2 Q9 


rft147^ rr f at 

UO I4f J 1 U I dl 


F^T 

CO 1 


0.0 


1 53 


aan*^Q717 q at 
daUjsr If © dl 


CO * 


^ ft 

0.0 


1 3Q 


aa973ft4*^ c at 

dd&f OOHvf O di 


F^T 

l—O 1 


3 8 


1.39 


aa9S4^9^ i at 
dd^jHJ^u I dl 


F^T 

CO 1 


3 8 


0 7fi 

U. f u 


n773ftQ rr c at 

L/f I OOJ7 Iv O dl 


F9T 

CO 1 


3.8 


0 34 

U.O*T 


m33ftR3 e at 

lllOOOUO o dl 


Mniico 9*-^* nlinr* A cv/nthotaQP mRMA rnmnloto rHc 
iviuuoc c \j unyu oyiiuicidoc nir\i>irA t LAjiiipicic viio. 


^ 7 


3 3fi 
o.ou 


MQ007C q a f 
IViyO^ r 0 0 dl 


ynnco aHinr»co Hifforontiation ratatoH nrrttoin /AnPP\ mRMA 
IVIUUoc dUILMJoc Ulllclci uldUUll icldlcU (JiUlclll \r\ur 1 f ||ir\|>IM 


^ 7 


9 3Q 


aa185Q11 <; at 

dd 1 kJ\J<j 1 1 0 di 


EST 

L-O 1 


3.7 


1.93 


aa014427 s at 


EST 


3.7 


1.84 


m85153 s at 


M.musculus alpha-1,3-galactosyltransferase mRNA 


3.7 


0.66 


aa267296 s at 


EST 


3.7 


0.55 


k02109 f at 


Mouse 3T3-L1 lipid binding protein mRNA, complete cds 


3.7 


0.42 


aa261246_s at 


EST 


3.6 


3.25 
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Accession 
Number 


Gene 


Fold 
Change 


Sort 
Score 


j03023 s at 


Murine macrophage gene, encoding bmk (B cell/myeloid kinase) 


3.6 


2.65 


d37873 s at 


Mouse fem gene for Fc receptor 


3.6 


1.81 


aa289002 s at 


EST 


3.6 


1.67 




Guanine nucleotide dissociation stimulator for a ras-related 

\J i i doc 


3.6 


1.62 


aa277082 g at 


EST 


3.6 


1.61 


aa420407 re s 


EST 


3.6 


1.13 


u54984 s at 


Mus musculus membrane-type matrix metalloproteinase 1 mRNA 


3.6 


0.74 


d13003 s at 


Mus musculus reticulocalbin mRNA, complete cds 


3.6 


0.68 


c76527 rc g at 


EST 


3.5 


2.72 


1 I3QA97 q at 


Mus musculus putative G protein-coupled receptor TDAG8 

\ 1 L/MOO ) 


3 5 


1 22 


in.40A3 f at 


Mm ico nolcnlin nono rvMnnlpto rHc 


3 5 


0 48 


ddJU^UUU o dl 


to 1 


3 5 


0.19 


1173037 <5 at 


Miiq mnQriiliiQ intprfprnn rpfiiilatorv factor 7 fmirf7^ mRMA 
iviuo fiiudisUiUd ii iici ici ui i icyuiaiviy iov/ivi / imiii/ / iiirxiTir^ 


34 


2.64 


mftfi73fi f at 

IllOUf OvJ 1 ell 


Mm iqp arrnnranin mRNA mmnlptP pHc 


3.4 


2.23 


1 1*16773 c at 


Mi ic mucpiiliic npllp-liWp nrntmn Ifinocp mRMA rnmnlptp pHq 
iviuo iiiuoouiuo jjciic iii\c jjiwlcjiii (\iiidoc iiirxiNrA, lA/nipicic uuo 


3.4 


1.27 


mAQRil c at 


Miiq miiQpnliic intprfprnn alnha/hpta rpppntnr MFNAR^ mRNA 
iviuo iiiuoisUiuo ii iici iciui i di|yi id/ Uv?id iC7i^C7^/iui \ii i^rArsy nirMurA 


3 4 


0 85 


afnOdfififi c at 

dlUUHOOO o dl 


Miiq mnQniliiQ cnrlii jm-palpinm pyrhannpr fNf^XI^ mRN 
iviuo 1 1 iuouuiuo ouuiuiii vrdiv^iuiii cali iai iyci ^iwa i j iiirvi^i 


3.4 


0.7 


II79Q41 <5 at 


Miiq miiQniliiQ annpyin IV mRNA pomnlptp r*riQ 

IVIUO IIIUOlsUIUO dl 11 ICAU 1 IV IIIININrA, l/UI 1 I^/ICICJ IsUO. 


3.4 


0.66 


aa974431 <; at 

ddL ( tto i oai 


EST 

i_o 1 


3.3 


2.01 


m1R131 <5 at 
1 1 1 i \j I o \ o dl 


Mm icp intprlpukin 1-hpta Ml -1-hpfa^ mRNA rtnmnlptp rrK 


3.3 


1.84 


aafift447fi <; at 

ddUO*rt f u o dl 


EST 

1 — O 1 


3.3 


1.73 


aannQIfif) c at 
ddUUv7lUW o dl 


F9T 


3 3 


1 .18 


dd^r IZDJ b dl 


lO 1 


3 9 




aad73331 c at 
ddH f OOO I o dl 


CCT 
LO 1 


3 2 


1 B7 


aa?AR449 c at 


LO 1 


3 2 


1 .27 


dd 1 U^O J o dl 


LO 1 


3 2 


0 84 


HAQQ^R c at 


MmiQP mRNA fnr ft-nYn-Hf^TPaQP 


3 2 


0.18 


HA7QR7 c at 
uof yo/ o di 


Mnnco mRMA for rnmnloto r»Hc 

IVIUUoO lllrxIN/A IUI OMi O I , lyUMipiCIC UUo 


3 1 


2 2 


fUDaH/V I dl 


IVIUUbc Uyoldllil w Illr\INM, UUITIJJIclc UUo 


3 1 

O. 1 


1 Q2 


m27960 s at 


Mouse interleukin-4 receptor (secreted form) mRNA, complete cds 


3.1 


1.58 


m32370 s at 


Mouse transcription factor PU.1 mRNA, complete cds 


3.1 


1.28 


AA261113 at 


EST 


3.1 


0.72 


j05287 s at 


Mouse lysosomal membrane glycoprotein (LAMP-2) 


3.1 


0.7 


aa529056 g at 


EST 


3.1 


0.49 


I037QQ <i at 


Mouse mterleukin-1 beta convertase (IL-1 be) mRNA, complete 
cds 


3.1 


0.47 


aa1 r >437fi <5 at 

dd 1 JHOfU o dl 


F*5T 

l— O 1 


3.1 


0.31 


ddHUv?O^U IO o 


F9T 
to I 


3 


2.69 


AFn0971R <i at 
nrUUc/ IO o dl 


Miiq miiQPiiliiQ ATPa^p inhihitnr HF1\ mRNA nnmnlpfp pHq 

IVIUo II lUoUUIUd 1 1 dOv7 II II IIUIIUI \ll 1 / ■ ■ 1 1 \l \AJl 1 l^/IClv? vuo 


3 


1.09 


aaRA90R9 rr» c 


F^T 

CO 1 


O 


0 82 


AA267281 i at 


EST 


3 


0.55 


AA183138 f at 


EST 


3 


0.37 


m 18466 f at 


Mouse lymphocyte differentiation antigen Ly-6C.2 mRNA 


2.9 


2.41 


aa 109873 s at 


mm02f05.r1 Mus musculus cDNA, 5' end 


2.9 


1.79 


aa266897 at 


EST 


2.9 


1.21 


aa286391 s at 


EST 


2.9 


1.04 
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aa1QQ971 c at 

od 1 Wc. f O o ell 


EST 


2.9 


0.89 


JvliiyOUiJ b dl 


Mmicp intprlpiikin-1 rprpntnr mRNA rnmnlptp rHc. 


2.9 


0.47 


aa4fl77Q4 rr at 


FST 


2.9 


0.45 


aa245242 s at 


EST 


2.8 


1.96 


U15635 s at 


Mus musculus IFN-gamma induced (Mg11) mRNA, complete cds 


2.8 


1.82 


aa217659 s at 


EST 


2.8 


1.36 


aa407697 rc s 


EST 


2.8 


1.07 


aa239477 s at 


EST 


2.8 


1.04 


IVIO** I 1 I b dl 


Mouse prostaglandin endoperoxide (PGG/H) mRNA, complete 

r*Hc 
CUb 


7 8 

C-.VJ 


0 Q1 


I 1fidfi9 c at 
L 1 0*tO^ b dl 


Mi ic miicnihic homnnniotir-cnprifir parlx/ rocnnncp nrntpin /A1\ 

IVIUb UlUblAJIUo I ICI I IU[-HJICllO"opCv^MIU Cdl ly I CoJJUl IOC [JIULdll \r\ l f 


2 8 




IZO**Oi7 S dl 


Mi ic mi icn id ic fiirin fFI IR^ mpKIA rnmnloto rHc 
IVIUb MiUbl/UlUb 1 LI II 1 1 ^rUr\j illrAlNM, lAJillUimc? LUo 


9 8 


n 8fi 


APH1919Q at 


Mi ic mi icn ih ic r\i itativ/p DMA mothv/ltrancfpraco fr)nmt9\ mRMA 

IVIUb IllUblsUlUb UUldUVC? L^INM 1 1 ICU ly III dl lolGI dOC \Ullil\l£.) lllr\INr\ 


7 8 


n S7 


miOOfJO e at 
m I £.0\)t. b dl 


Mai icp 01 1 mRMA pnrnrlinn T-rpll cnprrfir nrntpin f^f^PI 
iviuubc? o i i iiirxiNrA ciiuuuiiiy i ~t»»cii oucoiiivs uiuiciii uor i 


2 8 


0 51 


M7119Q c at 
ivi r jj^y b di 


Mm ico nhncnrinlinacp f*-alnha fPI f*-alnha\ mRMA rriinnlptp rHc 
IVIUUbC \J\ lUbUI IUII[JaoC O'dlUlld \r l_V-/ alJJI IdJ UlrVlN/A, lAJIIIUIClt? OUO 


2 7 


1 Q 


aa1 85574 c at 
dd IOJJ/ 4 b dl 


FST 


2 7 


1 69 


aa17f)fifift e at 
dd I 1 UOOO_b_dl 


FST 


7 7 


1 42 


r7fi597 rr at 
[//Dot/ ru di 


FST 

CO 1 


7 7 


1 14 
i . i *t 


M25825 f at 


Mouse tctex-1 mRNA, complete cds 


2.7 


1.13 


M11024 at 


Endogenous mammary tumor virus RNA, env gene and right LTR 


2.7 


0.86 


M31314 s at 


Mouse high affinity IgG receptor (Fc-gamma Rl) mRNA 


2.7 


0.52 


U70475 s at 


p45 NF-E2 related factor 2 (NRF2) gene, exon 2 to exon 5 


2.7 


0.52 


AA1 69001 at 


EST 


2.7 


0.44 


n509fi4 c at 


Mouse mRNA for phosphatidylinositol glycan class F, complete 

rHc 
UUb. 


7 7 


n 21 


AA9im05 f at 


FST 

CO 1 


7 7 


n 15 


I 09941 c at 
LU^cZ** I b dl 


Mm ico nrntoin lHnaco inhim'tm* ftoctin liar icrtfm > m\ mRMA 
IVIUUbC? UlUltJHl fMlldot? IIIIIIUIIUI llC?bllUUIdl loUIUIIII/ lllr\IN/-\ 


7 7 


n 14 

U. I*T 


ahfiHAfifizl n at 


Mnc miicniliiQ DMA for RahllR pynn 9 anH rnmnlptp rHc 
iviub iiiuouuiuo L/iNrA iui nduooD, cAUii c> di iu uui i ipicit; ouo 


7 7 


0 11 


m177fi1 c at 
IMj/ f O I b dl 


\ir\i icq nalnv/rlin mRMA rnmnloto rHc 
IVIUUbC LrdiUylrllli IIIPxIN/A, UUllipitilu UUb 


2 fi 


1 Q 


AA17ft997 at 


CO 1 


9 fi 


1 19 


aa91H15Q c at 
ddZ lUojy b dl 


F<5T 

CO 1 


9 fi 


1 18 

1 . 1 o 


aannn^An c at 

ddUUUOOw b dl 


F<^T 

CO 1 


7 fi 


1 08 


aa9855in c at 
dd^OujOU b dl 


F<^T 

CO 1 


7 fi 


1 nfi 


1105817 c at 
UUUOO/ o dl 


Mi ic miicnihic RR/ORA Kpta.hPYrcaminiHacp fHpva^ mRM 
iviub inubUUiUo uu/uun ucid'HCAUodi I ill uudoc ^ncAdj iiiiain 


7 fi 


0 96 


aa691772 at 


EST 


2.6 


0.92 


U20159 s at 


Mus musculus 76 kDa tyrosine phosphoprotein SLP-76 


2.6 


0.86 


aa733351 s at 


EST 


2.6 


0.85 


U71205_s_at 


Mus musculus rit mRNA, complete cds 


2.6 


0.77 


C77861 rc s at 


EST 


2.6 


0.73 


1 188008 e at 
UOOJUO b dl 


Mus musculus inhibitor of apoptosis protein 1 mRNA, complete 

rHc 
UUb. 


9 fi 


n fi4 


aa98Q579 c at 
dd^O?j/ c b dl 


F<5T 
CO 1 


7 fi 


n 5Q 


r81fi19 rr at 


EST 

l— O 1 


2.6 


0.32 


U44940 s at 


Mus musculus quaking type 1 (QKI) mRNA, complete cds 


2.6 


0.25 


aa 1051 04 at 


EST 


2.6 


0.16 


aa386453 at 


EST 


2.6 


0.11 


aa 162557 s at 


EST 


2.5 


1.5 


m 17440 s at 


Mouse MHC (H-2) S region complement component C4 gene 


2.5 


1.19 
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my4oo*t s ai 


ivius rnuscuiub oecreiory pruicin itivi- i ) iiirMNM 




1 19 


7A1QA f 1* 

a a i / 4oy4 t at 


COT 

to I 




fi Qd 


0 f y u i u rc ai 


COT 

to 1 




0 Q9 


uuoiiy s ai 


(VI us rnuscuius catnepsin n prepropepuue ictsnj rnrviNH 




n Q1 


aa4Uovoy rc s 


CQT 
to 1 




n a 
\j.o 


aaioDUUr s ai 


to 1 


0 R 


0 7ft 


aao4DU4f s at 


COT 
to 1 


C..sJ 


0 7fi 


oo071Q*5Q 0 of 

aa^/oyoo s ai 


CQT 

to 1 




n d^ 


aaoioooo s at 


CQT 

to 1 


9 R 


n d 


aauoDDiu q at 


CQT 

to 1 


9 R 


n 

VJ.OO 


nnCQOC7Q ■ of 

aabyzb7o i at 


CQT 

to 1 


9 K 


9^ 


M744yo s at 


Mous6 adenylosuccinate synthetase mRNA, complete cds 


9 


n 9*^ 


iiKCQOO 0 of 

uooyzu s at 


mus muscuius steroia receptor coacuvator ia (ore laj mikina 


9 ^ 


n 17 


mOOC^H f of 

mz^Doi t at 


Mouse complement 01 q d cnam mr\iNM, complete cas 


9 A 


1 Rfi 


\jzh(v)\j s at 


ivius muscuius protein tyrosine pnospnatase triAzj mrc 


9 4. 


1 9^ 


r7QQQR PP of 

yoyo rc at 


CQT 

to 1 


9 d 


1 1Q 


B of 

aazooyio at 


CQT 

to 1 


9 4 




HH7C17 0 of 

uUfDi/ s at 


mus muscuius dald/o otdz auaptor protein tyruzj mrxiNM 


9 4 


n qr 


aaz4zoDu s at 


CQT 

to 1 


9 A 




ooOi coon 0 of 

aazioyzu s at 


CQT 
to 1 


9 d 
^.*f 


n fti 

U.O 1 


Mozuiu s at 


Mouse winu n-zrvt-wo-iinKeo open reauing irarne rnrsiNM 


9 d 


n ft 


HAZDo%5yo s at 


PQT 
to 1 


9 4 


n 7d 


wo/4y rc q 


PQT 
to 1 


9 d 


fi 7 


1 ICQO-I Q 0 of 

uooziy s at 


Kill in mi /"^TDono IPTD r*nDMA /^AmnlnlA 

mus muscuius 0 1 rase 10 1 r mKiNA, complete cas. 


9 d 


n ra 
u.oo 


Aruiouyy at 


mus muscuius muiiiUDiQUiun-cnain-Dinaing protein (ivico i ) mr\iNM 


9 d 


U.DO 


aao4o/oo cj at 


CQT 

to I 


9 d 


fi ^R 


aaooo4fo s at 


CQT 
CO I 


9 d 


fi ^o 

u.oo 


nnCOOOO>f 0 of 

aaboooo4 s at 


CQT 

to I 


9 d 


fi ^1 
U.O I 


AAbloUbb q at 


CQT 

to I 


9 d 


fi d1 
U.^f I 


aaz4zo4U s at 


CQT 

to I 


9 d 
Z.*f 


n 9Q 


rytCZAOClt 0 of 

mb4zyi s at 


mus muscuius prostagianam syntnase mKiN/\, complete cas. 


9 d 


fi 1^ 
U. 1 0 


aabooooy s at 


CQT 

to 1 


9 ^ 


1 fifi 
I .uo 


_ H 70QC4 o 0 f 

aa I /zooi s at 


CQT 

to 1 


9 ^ 


fi 

u.yo 


M65027_s_at 


Mouse cell surface antigen gp49 mRNA, complete cds 


2.3 


0.9 


U44426 s at 


Mus muscuius D52 (mD52) mRNA, complete cds 


2.3 


0.77 


aa711028 s at 


EST 


2.3 


0.66 


aa403731 f at 


EST 


2.3 


0.58 


L36314 f at 


Mus muscuius GDP dissociation inhibitor beta mRNA, 


2.3 


0.52 


D16432 s at 


Mouse murine CD63 mRNA for murine homologue of 
CD63/ME491 


2.3 


0.46 


M12481 M st 


M12481 Mouse cytoplasmic beta-actin mRNA 


2.3 


0.45 


AA1 84228 s at 


EST 


2.3 


0.34 


aa268084 s at 


EST 


2.3 


0.33 


aa529389 s at 


EST 


2.3 


0.19 


102210 s at 


Mus muscuius tyrosine kinase-related protein mRNA, complete 
cds 


2.3 


0.09 


K01925 f at 


Mouse MHC class II H2-IA-alpha gene (q haplotype), mRNA 


2.2 


0.92 


m57696 f at 


Mouse lyn A protein tyrosine kinase (lynA) mRNA, complete cds 


2.2 


0.77 
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D49949 s at 


Mouse mRNA for IGIF precursor polypeptide, complete cds 


2.2 


0.71 


aa271499 s at 


EST 


2.2 


0.7 


L12120 s at 


Mouse interteukin-10 receptor (111 Or) mRNA, complete cds 


2.2 


0.64 


aa672840 s at 


EST 


2.2 


0.61 


Hft55fi1 c at 


Mus musculus mRNA for proteasome subunit MECL1 , complete 

LUo. 




0 fi 
u.u 




CO 1 


9 9 


n 


aa711151 e at 
dd f I 1 I u 1 b dl 


CO 1 


9 9 


n «>1 

U.«J I 


UOf O^O b dl 


Mi ic mi icn ill ic P^-9chnrt mPMA nartlal rHc 
1 VI Lib IIIUoOUIUo rO'tollUll lllrxINM, Udllldl UJo 


9 9 


n 4ft 


aa97R^fift c at 
dd^/OoOO b dl 


CO 1 


9 9 


n 47 


AA4D7RRQ rr> c 


P^T 
CO 1 


9 9 


n 49 


u*f4ooy s ai 


CO 1 


9 9 


O 49 


n7ft1**5 c at 
U/O I Ov? b dl 


IVIUUoo IIIrxINM IUI y lyUllfcJ-f lull r\INM UlllUliiy [JlUlelll v-/lr\r 


9 9 


n 

U.Oo 


LOD^oO s ai 


KAi ic KAi ic/^i ill ic had/" H r\ m oin/loi ir^ino ^innor tranc/^rintinn ta^t/^r 
IVIUb IVIUbUUlUb UdblU UUlMdni/ltJUOIIltJ zipptii lldllbClipilUn IdUlUI 


9 9 


n ^4 


aa97R9fiH c at 

aa^ / ozou s ai 


COX 
CO 1 


9 9 


u.oo 


CRHAAA rr at 


pen - 

CO 1 


9 9 


Vs. 1 O 


nfni59A4 e at 
dlu I O^OH o dl 


Mi ic mi icn iti ic colonnnrotoin \A/ fm^ol\A/\ mRMA pnmnloto pHc 
IVIUb IllUblsUlUb bClt?l lUUIUldl 1 VV vlllOClVV^ IIIIxIN/A, WJII IUI OltJ tUo. 


9 1 


1 09 


aa i i youo at 


CO 1 


9 1 




m14915 c at 
III \H£> lyj b dl 


Mai i co Pr* namma rpppntnr (\nC^ 9 4f^9 rpppntnr mRNA 
iviuubc ru ydiiinid icuepiui iiyo £,.h\d£ itsi^tJuiui iiir\iNr\ 


9 1 


0 fiQ 

U.UC7 


rai*V*9 n at 

IO 1 \JO£. U dl 


Mi iq miiQr^iihiQ hpl-9 alnha npnp pvnn 9 


2 1 


u.UU 


1 I4**fi7? c at 

U^OD r O b dl 


Mt ic miic^iihic nntatix/o trancmomhrano ror&r\ir\r II -1 Rrn mRMA 
iviuo iiiubuuiuo |juiduvc u di loi i ici i iui di ic icuc|jiui iL_**ir\ip 1 1 ifmnaa 


9 1 


V/.Uvl 


aa1ft914ft q at 
dd lOtOtU b dl 


CCT 

L_0 1 


2 1 


0 56 

u.JU 


aaR1141^ at 
ddU I l*+ I O dl 


CO 1 


2 1 


0 54 

U.U*T 


aa974flQ1 at 

aa^ / fuy i ai 


CO 1 


9 1 


U.JO 


HQOfllQ f at 


Mmic£k nana fnr Hoc in i n r»ro/*i ircr»r Kacinin cinnal nron irc/^r 

iviuubt? yuiiy iur udbiyin pruourour, udbiyin biyridi prcuurour 


9 1 




aaoH^oo^t s ai 


PQT 
CO 1 


9 1 


0 44 


|/ni4Qfi f at 
KU I nyo T ai 


N/1r\ i icq I— place III ontinDn fo/^tr\r R / 1— |_OH Kar»l/^t\/r»o\ 

iviuubc ivinv^, uidbb in diuiyoii, iduiur d ^n-zu iidpiuiypt;^ 


9 1 


n 4^ 


lOcnfiQ c at 

izouoy s ax 


IVIOUbt? Udldldoo illrXlNM, OUITipiclc OUb 


9 1 


n 49 


AA1 83642 at 


EST 


2.1 


0.34 


U30838 s at 


EST 


2.1 


0.33 


M63695 s at 


Mouse CD1 .1 mRNA, complete cds 


2.1 


0.32 


D18928 rc at 


EST 


2.1 


0.15 


aa407332 at 


EST 


2.1 


0.07 


m119ft4 q at 

III I 1 £.OH b dl 


Mouse MHC class I Qa-TIa mRNA, (H2-d haplotype), clone pH2- 

u o / 


9 


n ftQ 

U.OC7 


m^o^*t*t i di 


Mm ico nro R roll P9R/I AMP-1 mRMA rnmnlotp rHc 
IVIUUbc piC"D 1/tJII i ^D/l_MIVIr - 1 ITlr\INM, UUIIipiclc UUb 


9 


u.oo 


nftQ9fiQ <s at 
uoy^oc? b dl 


iviuo iiiuoouiuo \J\ epi uuiucuLiuyi ucuuuaoc i uirviN/n, tHjnipicic ouo. 


9 

£- 


0 78 


aa5^ft55fi n at 
ddJOOJJO y dl 


CO 1 


9 


n 74 

U. 1 *T 


aa177A*^^ c at 
<ad I f f *fOO b dl 


CO 1 


9 


n 7^ 


APH17R^n at 
nrll I (\jO\J dl 


I/ocpi ilo r ar»tin cinnlo.ctranHoH HM A.KinHinn fartnr 9 

vdbuuidr doun binyitJ"bii diiutJU LMNM-uinuiny iduiui c. p*rH 


9 


n R4 


aa79R57ft at 
ad / ^Oj r O dl 


P^T 

CO 1 


9 


0 57 


m'5^9/1/1 9 c at 


Mm ico MMP rlacc 1 M9-TI T1H-19Q mRMA /h hanlnh/no\ 
iviuubt; ivino oidbb i n^- il-i iu- i^y mrxiNM \u ndpiuiypcj 


O 
£. 


U.vJJ 


ahfinQ9A7 <; at 


Miic mi icrnli i<; npnp fnr Marrn^ialin mmnlptp rrl<* 
iviuo iiiuouuiuo yci ic iui iviaoiuoiaiii i, vajiiiuicic l»uo. 


9 

£- 


0.54 


aa028770 i at 


EST 


2 


0.52 


aa219775 s at 


EST 


2 


0.51 


aa1 16686 s at 


House mouse; Musculus domesticus male brain mRNA for ARF1 


2 


0.48 


U58888 s at 


EST 


2 


0.47 


M29697 s at 


Mouse interleukin-7 receptor (IL-7) mRNA, complete cds 


2 


0.4 
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1^040,4 q at 


Mm ico mRMA fnr mnrino R^K rvimnlotA rHc 


9 

£. 


n 


11A0A1Q c of 


KAi ic miicpiilnc nli itathinno-^-trancfaraco hnmftlnn mRMA 


9 

£- 


0 w 

\J.\J\J 


aafi07A'*'} at 


F<H" 

LO 1 


9 
c 


n w 

U.JO 


m^77R c at 


iviuuse uuwii leyuidiuiy pruieiii \ipi-iijui iiiieiieuiviii 


9 

£- 


n ^1 


aafi0fi719 at 

aaouoi izat 


CO i 


9 


n 9^ 


u^yjyo s at 


Mi in mi ion ill ic onnavin \ / /Anv^\ mPKI & Pnmnldo /»Hc 

mus rnuscuius annexin v lAnxoj itikinm, complete cos 


9 


n 9d 


aa47RRA0 c at 


F°T 
CO 1 


9 


n 94 


a RA LAQA c at 


F°T 


9 
£- 


n 9^ 


irnnn9n o of 
kuuuzu s ai 


mr\ i ico intorfornn Hoto mmo 

mouoc inieneron-Deia mind 


O 
£. 


n 1Q 


aa40Q049 iy* 


FCT 

LO 1 


9 
£, 


n nfi 


aa*tO i d i y s at 


FCT 


.9 


-u.oo 


070.0CR r/* i of 

Of yyoo rc i ax 


COT 
LO 1 


O 


-U.Oo 


uoooio s ai 


mouse yz i -l mrsrMM lor prcsyndpiio protein, oorripicic cos 




-u.^to 


aa1790nO f at 

aa i r zyuy i at 


FCT 

LO 1 


.9 




aa7AAA4A c at 

aaoooo*fo s ai 


LO 1 


_9 


-1 07 


I 170910 c at 


TR9I mRMA RIR* IP^OAO /fi imnr norrncic far*tnr rocictant nrntoin 


-9 1 


n 9A 


aa9A5A07 c at 

aa^oooUf s ai 


FCT 

LO 1 


-9 1 


-n ^1 


aa1QQH9^ at 

aa i yyu^o ai 


cot 

LO 1 


-9 1 


-U.*T*t 


P7QOCQ rr a * 

L/roooy rc at 


COT 
LO 1 


-9 1 


-fi 4A 


U69535 s at 


Mus rnuscuius semaphorin M-sema G mRNA 


-2.1 


-0.49 


U23462 s at 


Mus rnuscuius CD7 antigen (Cd7) gene, complete cds. 


-2.1 


-0.64 


L29441 f at 


Mus rnuscuius mRNA, complete cds 


-2.1 


-0.65 


c80656 rc at 


EST 


-2.1 


-1.33 


aa543724 f at 


EST 


-2.1 


-1.56 


M83219 s at 


Mus rnuscuius intracellular calcium-binding protein (MRP14) 
mRNA 


-2.1 


-1.57 


1Q79Q7 e of 

io/zy/ s ai 


Mus rnuscuius (clone B6) myeloid secondary granule protein 

mRMA 


-9 1 


- I .O I 


AA91ft77fi f of 
AAZOUY fD r ai 


COT 
to I 


-9 1 


-1 A7 
- I .O / 


n 17^77 e of 
V\fO(( S dl 


Mouse itikina Tor Kinesm-iiKe protein \x\\\ idj, complete cos 


-9 9 


-0 95 


aad 1 f oztf rc s 


CQT 
to I 


9 9 


n, 7A 


M9inft5 c at 
MZ1UD0 s ai 


Mouse interteron regulatory Tactor i mr\i\M, complete cos 


-9 9 


-1 4 

- 1 .*f 


AA/l^AA^ f at 

amho^ooo r at 


COT 
LO 1 


-9 9 


-9 17 


iiioo^io s ai 


KAi ic mi ten ill ic intro/*olli ilor oolr^ii im KinHinn r\rr\\c*\r\ /MDPft\ mRMA 

mus rnuscuius iniidceiiuidr odiciurn-uiiiuiriy pruiein uvirvro/ iTirxiNM 


-9 9 


-9 1A 


1 QlfifiQ e at 

i_o 1 ouy S dl 


Q9Q nhneomal r\ rr\ f o i r» mRMA mmnloto rHc 

o^y iiuuoUiMdi pruiein iiirxiNM, uuriipieie uuo 


-9 9 


-9 44 


1 ion occ c at 

uziood s ai 


\At i c m i icpi 1 1 1 ic mPAP1 nr/^foin mRMA rnmnlotD r*rfc 

mus rnuscuius mOnr i proiein mr\iNM t uompieie cus 


-9 ^ 


-u. 1 ^ 


MfiAQA/1 c at 
iVIOOy*f*f 5 dl 


Mm tea alnho intorforon n one rrtmnloto pHc 

Mouse dipnd-inienerun yene, uuiiipieie uus 


-9 ^ 


-0 17 
-v. 1 / 


aa^/lRQR^ at 
ddOHDyuO dl 


LO 1 


-9 1 


-0 ^fi 


aan91Q*\Q c at 

aauz iyoy s ai 


LO 1 


-9 ^ 


-0 ^A 


,,ooor)7 c at 
UZOOUr o dl 


l\/m r\hr\iH_cno^ifi^ trancorintinn factor MPATr^ mRMA r>artial rHc 
lyi 1 ipi lUIU-opeV/HlU UdrioUlipilUll IdOlOl INin 1 IllrMNM, pdlUdl UUo 




-0 R 


ooAnQ7^0 at 
adnUyrOU dl 


F^T 

LO 1 


-9 


-0 A7 


mi4*xfo s ai 


Ly-o ueucocyte-common anuyen^ pseuooyene mrxiNM, oione r\z 


9 ^ 


-1 5A 


AA40Q c ifi1 rr f 


F^T 

LO 1 


-2.3 




C80754 rc f at 


EST 


-2.3 


-2.21 


aa518802 s at 


EST 


-2.3 


-2.29 


AA709861 f at 


EST 


-2.3 


-2.35 


U93863 s at 


Mus rnuscuius ribosomal protein L21 mRNA 


-2.3 


-2.63 


U10551 s at 


Mus rnuscuius Gem GTPase (gem) mRNA 


-2.4 


-0.47 



25383653.1 
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Accession 

Nnmhpr 


Gene 


Fold 
Chanae 


Sort 
Score 


aa^91747 q at 
da 1 i H ( O al 


F°.T 

CO 1 


-2.4 


-0.57 




Mno. miiQniliic trancrrintinn fartrtr iunR /iiinR^ npnp *V rpninn 


-2,4 


-1.56 


aa^9Qnfi4 f at 




-2.4 


-2.05 


r7fififift rr n at 


l— O 1 


-2.4 


-3 


P7ftftQ1 rr at 

\s( 00%7 1 IU dl 


F°.T 

CO 1 


-2.5 


-0.17 


C78676 rc f at 


EST 


-2.5 


-1.81 


C79877 rc f at 


EST 


-2.5 


-1.97 


M29475 s at 


Mouse recombination activating protein (RAG-1) mRN 


-2.6 


-0.19 


AA1 24090 r at 


EST 


-2.6 


-0.26 


m76763 f at 


Mus musculus ribosomal protein (Ke-3) mRNA, complete cds 


-2.6 


-3.08 


1111 97 A c at 


mm 4 1 4 1 IT J A ft. 1 A fl » _■ ■ A* All ff"" ^ 

Mus musculus clone pmuAUF1-3 RNA-binding protein AUF1 

mRNA 
111 rxINM 


-9 7 


_n 49 


UOUUOO o dl 


Mi ic mi icrM ill ic rtrtHnHontiflp-likok hnmonhnv 9 fOtly9^ 

IVIUo IIIUOvAJIUO Ktl U IUUCI lllLrlC lll\C IIUIMCVJUUA ^wllA^. / 


-2 7 


-0 55 


aa1 7*^*40 c at 
dd 1 f DOHKJ o dl 


CO 1 


-2 7 


_n fi4 


1111 94 ft f at 
U I IZ*tO 1 dl 


IV j1 i ic miicr , iiliic ^^701 /ft 1 riKncr\mal nmtoin Q9ft mRMA 
IVIUo IllUolAJIUo UjiOUUJ IIUUoUIMdl piUltJIII O^O lllrvlNAA 


-9 7 


-O.H»J 


i MQQR1 e at 


Mi ic m i ten ill ic h/no 1 HoioHinaco fl"^!01\ mRMA 

iviuo rnuoisUiuo iyp" i ueiuuiiidoo \uiu i j nir\iNr\ 


-9 ft 


_n 9ft 


AFH11494 c at 
nrU I lH£. £ t o dl 


\Ai ic miicmilnc m itatiwp nhornmnno ropontnr A/R14\ mRNA 

IVIUO IIlUoLrUlUo JJUldllVc pi IciUIIIUl IC ItJOtJpiUI ^ V l\ l*t^ MlrVINM 


-9 ft 




UUUHfO vuuo^ 


Mni icq norm lino In I— I r*hain n on o n ronton* conmont P\_ p | 1 K 1 

iviuuoc ycriiiiiric lyn uiidin yene, ujo itjyiuii. oeyiiieiii la-ilio. i 


-9 ft 


-1 9ft 


rinn9nft c at 

UUUcUO o dl 


nFI Qft nrntpin mRMA whirh io. pnhanrprl ppIIq Ralh/p*^7^ 

[JCl-OO pilHGlM lllrxINrA WMIU.II IO CI II IdMUCU VsGIIO UdlU/wf o 


-2.8 


-1.74 


aa*^ft4n7 q at 
ddJOOtUf o dl 


CQT 

LO 1 


-2.8 


-3.21 


niftftfin rr at 
L/ 1 OOOU 1 Lr dl 


FQT 

CO 1 


-2 Q 


-0.61 


AA060336 at 


EST 


-2.9 


-0.99 


m12815_g at 


T-cell receptor active gamma-chain from cytotoxic T cell line 


-2.9 


-1.3 


i04716 f at 


Mouse ferritin light chain, complete cds. 


-2.9 


-3.92 


M12481 M at 


M12481 Mouse cytoplasmic beta-actin mRNA 


-2.9 


-4.61 


C81467 rc g at 


EST 


-3 


-0.42 


AFO'll^fift c at 
nrUO 1 ODO S dl 


Mus musculus heterogeneous nuclear ribonucleoprotein G 
innrnpgj 


o 


_n 49 


aaA14QA4 f at 

aao i**vOh t ai 


COT 
CO 1 


o 


-9 74 


104181 f at 


Mouse A-X actin mRNA, complete cds 


-3 


-3.46 


D50527 f at 


Mouse mRNA for TI-225, complete cds. 


-3 


-4.05 


M12481 5 at 


M12481 Mouse cytoplasmic beta-actin mRNA 


-3 


-4.41 


aa538404 g at 


EST 


-3 


-5.06 


U52951 s at 


Mus musculus putative transcriptional regulator mEnx-1 mRNA 


-3.1 


-0.68 


U58494 f at 


Intracisternal A-particle mRNA, gag gene, pol and env 
pseudogenes 


-3.1 


-1.78 


aa036204 s at 


EST 


-3.2 


-4.94 


U29402 f at 


Mus musculus acidic ribosomal phosphoprotein P1 mRNA 


-3.2 


-5.11 


U*+ / O^C7 1 dl 


Mus musculus MHC class 1 heavy chain precursor (H-2K(d)) 

mRMA 


9 


-5 62 


aa1704Q9 c at 
dd I f U*to^ o dl 


CO 1 




-1.47 


IVIOoOoU T dl 


i co inci il innma ( r\r\\ mRMA fnmnJoto rrl c 

iviuuoc ii louiinuiiid \iiy/ iiirxiMM, uuiiipicic ouo 




-4 fi 


I IQ**ftfi9 q at 
USOOD^ o dl 


\Ai ic miicpiihic rihrtcrtma! nrrtt^in 1 A1 mRMA rnmnlpfo oHq 

IVIUO IIIUOlsUIUO llUUOUIlldl piUlCIII l_H I lllr\INM, OUIIIJJICIC UUO 






m22432 f at 


nrotpin ^vnthp*5is plonaation factor Tu^eFF-Tu eEf-1-aloha^mRNA 


-3.4 


-6.47 


U25096 s at 


Mus musculus Kruppel-like factor LKLF mRNA, complete cds 


-3.5 


-3.3 


AA691239 f at 


EST 


-3.5 


-4.86 


C79965 rc f at 


EST 


-3.5 


-5.51 


AA673251 rc 


EST 


-3.8 


-1.06 


aa044510 s at 


EST 


-3.9 


-1.82 



25383653.1 
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Accession 
Number 


Gene 


Fold 
Change 


Sort 
Score 


C79964 re f at 


EST 


-3.9 


-5.49 


m i oi i o ai 


mRNA for T-cell receptor insulin (A-chain) reactive alpha chain 

V JO 




-7 Q 


ARfiriH777 of 
HDUUU/ II ax 


ivioube riirxiNM 101 pnuiuiydbe/uiue-iiyrii receptor numuiuy 


-A 1 
-*f . i 


-0 fiQ 


c/yo^y rc ai 


PQT 
to 1 


-*f . 1 


_n fts 

u.OJ 


1 lftft*V7R rr at 

uoDD/o rc ai 


QTATft fQtatft\ none nartial rrlc anrl MAR9 f Nlah9\ none* Tl ITR 


**f . i 




Ofouo/ rc t ax 


PQT 
to 1 


-*t . I 


-7 fifi 


P77ftrtft rr» f at 

f oud rc t ai 


PQT 
to 1 


-*f 


- I .O 1 


oa99/Y7Q.P. o of 

aazzu/oo s at 


PQT 
to 1 


-*f .o 


-0 9^ 


AAOinRHK f of 

HMZlUDUO T ax 


PQT 
to I 


-*f .o 


-7 


nCtAOfcQ c of 

uu4zdo s ai 


ivius muscuius w/dud oca-z precursor rriKrsiM, compiexe cas 


-*f .o 


7 fcQ 

-# .oy 


oiftlftlOi; r* of 

aaoioozo g ax 


PQT 

to 1 


/I A. 


1 1 
-I.I 


r-7fiQ/1/l f of 

c/oy44 rc t ai 


PQT 

to 1 


-*t .o 


in r 
- I u.o 


i i7QHQR e of 

u/ouoD s ai 


Miin m 1 it>Ai 1I1 10 i*if*i^o^\rv^ol nrnfoin O C mDMA /»ftmnlolo /%He 

ivius muscuius nuosomai proxem oo mrcrMH, compiexe cos 


-H.O 


in 
- 1 u 


aa^1ftfift9 at 

aaooouoz ai 


PQT 
to 1 


-4 7 
-*f . f 


-1 17 
- I . I 1 


P7Q471 iv* f at 


PQT 
to 1 


-4 ft 
-*f .o 


-11ft 

1 I.O 


nft/l1Q1 f at 

uo*foy i t ax 


fV^rii icq 1 A rcxr\cx\\\\\ict Dlomont rv^nnnloto c on 1 ion ro 

ivioubc i_ 1 repeuuve eiemeni, curnpieie beijuenue. 


-*t .y 


-ft 


pj\o(o£.0i rc cj 


PQT 
to 1 


-3. I 


-1 97 


aa11P9^Q at 
da I t OZOy al 


PQT 
to 1 


9 


-1 dfi 


aaiyuuor ax 


PQT 

to 1 




-1 71 


M19Aft1 1 at 

ivi i i o ax 


IM1 94ft1 r^ni icd r*\/tr»rvlacmio Hota-ap'tin mRMA 
IVI I cM O I IVIUUbt; CyiUpidbil liC Ueid-dCUH IIIrMNM 




-11 fi 
- 1 o.u 


AA^QDft^Q f at 


FQT 
to I 




-11 9 


aa4n7Afift rr c 
da*f U f H DO IC b 


PQT 
to I 




-9 RR 


AAR7^flOft rr- f 

^MO/ou^o rc T 


PQT 
to I 


^ 7 


-A 9ft 


r>7^QR^ rr f at 

c/oyoo rc i ax 


PQT 
to I 


7 

-Q. / 


-Q *^9 


n7ft1RO rr f of 

c r o \ o ii rc_i_ax 


PQT 

to I 


-ft 


-ft 17 
-o. I f 


ftAuioouy ax 


PQT 
to I 


-0. I 


1 Q 

- 1 .y 


oo0 1 7/1 Q7 o ot 

aazi /*fo/ s ax 


PQT 
to I 




-R 1Q 

-o. iy 


m OC010 e» ot 

m/ooi^ s ax 


Mouse i lympnocyxe anxiyen \jw ) itiknm, compiexe cos 


-O.o 


-9 19 


1 M OO'Jft t» of 

ui^iioo s ax 


mus muscuius Ar\K aipna Mzyu inxegnn mKiNM, compiexe cos 


-0.O 


1 7ft 


ooRP£Q71 f ot 

aaoooy^i t ax 


PQT 
to 1 


7 


1Q 7 

- i y . / 


mCyl QQC o of 

mo^tyyo s ax 


i -cen recepxor yamma-cnain rnrvivM, cione iviinoo 


7 7 
-I.I 


-1 Q9 


HI OIQO rr- f ot 

unyoyz rc i ax 


PQT 
to 1 


ft 7 
-O. f 


7 ft 
- 1 .o 


ooHIQIOO o of 

aauooo^ s ax 


PQT 
to 1 


- 1 u.o 


1ft 

-O. I o 


r7Q^f\7 rr> f at 

c/you/ rc t ax 


PQT 
to 1 


-1 1 

- I I 


-1Q Q 
1 57. y 


u9ft4Q1 <i at 


Mhq miiQ^uliiQ Ix/mnhntartin pvnn *^ anrl mmnlpfp pHq 


-11 8 


-5.13 


C79775 rc f at 


EST 


-12 


-27.7 


m12848 s at 


Mouse myb proto-oncogene mRNA encoding 71 kd myb protein 


-13.7 


-7.74 


aa008853 s at 


EST 


-22.1 


-10.7 


aa1 20608 s at 


EST 


-23.5 


-11.7 


AA261028 f at 


EST 


-32.4 


-32.4 



25383653.1 
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TABLE 3: DNA 11KB ARRAY ANALYSIS OF GENE EXPRESSION IN B6.2.16 
CD8 CELLS 



Accession Number 


Gene 


Fold 
v/iiange 


Sort 
Score 


ET62206 r at 


Anti-digoxin immunoglobulin heavy chain variable region 




OO.OZ 


Msa.4 190.0 s at 


COT 

EST 


til .1 


■i O OR 


Msa.717.0 s at 


Mouse glycerophosphate dehydrogenase gene, complete cds 




1 /I Q/1 

14.04 


Msa.3906.0 f at 


EST 


on 


i O CO 

lo.bo 


Z31557 s at 


(129/Sv)cctz mRNA tor cnaperonin containing I Lr-i 




14 


a a n X j. 

Msa.556.0 f at 


Mouse creatine kinase B gene, complete cds 


1 f.Z 


■i *t 7Q 
11. f O 


x62742 s at 


M.musculus Ma mRNA. 


lb 


IU.1%3 


a a a r\f\*\ n —A 

Msa. 1903.0 s at 


H2-M alpha chain (H2-Ma) gene, H2-M beta 2 chain 


1U.O 


b.lo 


Msa.9251.0 s at 


EST 


10./ 


b.1 / 


W58861 s at 


EST 


A O 

9.8 


O G4 


X63027-2 at 


M.musculus DNA for VSAG13 (viral superantigen) 


Q 
O 


o.oo 


Msa. 6056.0 s at 


rex 

EST 


a 
0 


A A CO 

1 l.oo 


Msa. 12592.0 I at 


Homologous to sp rloOoO. AUr-KlbUoYLA 1 IUIM rAU 1 UK 4 


( .y 


O £7 


X56602 s at 


Mus musculus mRNA Interferon-induced 15-KDa protein. 


7 Q 

r .y 


h O 07 


Msa. oi 0.0 t at 


Mouse factor B mRNA, complete cds 


7 7 


o.oy 


X00686 5 at 


Mouse gene tor loo rKNA 


7 ^ 
( .0 


O QQ 

o.oy 


Msa. 12676.0 at 


UnmnUrtAuP A-» TDM A DDA/^COOIMP DDATCIM CCMQ 

Homologous to 1 KNA-rKUOboblNCj rKU 1 bIN obNo 


7 R 

f .O 


A OC 

U.oO 


Msa.3665.0 s at 


EST 


7 O 
( .ii 


C QC 

O.oO 


a a j nnnr n 

Msa. 16995.0 s 


|— OT 

EST 


7 O 


0.o4 


a a _ _ nr/) n i _a 

Msa. 853.0 f at 


r- OT 

EST 


a 7 


O.Z4 


X61800 s at 


M.musculus mRNA for C/EBP delta 


b.b 


o oo 


Z22661 f at 


M.musculus Apod gene, exons 1 to 3 and complete CDS 


b.b 


O C>l 

2.o4 


X00686 3 at 


Mouse gene for 18S rRNAns 


b.b 


0.49 


Msa.4941.0 s at 


EST 


b.4 


O 04 
Z.^1 


a a /> a 

Msa.2361.0 s at 


EST 


b.1 


O AH 
O.01 


w71676 at 


EST 


b 


o.lo 


Msa. 1700.0 s at 


Mus musculus PAF acetylhydrolase mRNA, complete cds 


0.7 


7 


x01450 s at 


Mouse mRNA for interleukin-1. 


0.0 




x03479 s at 


Mouse mRNA fragment for serum amyloid A (SAA) 3 protein 


4.y 


o oo 


ft a ,4 j nn /> X A 

Msa. 1108.0 f at 


Mouse protective protein (Mo54) mRNA, complete cds 


A Q 

4.o 


AAA 

4.14 


X54966 rc at 


M.musculus ctsB gene (3' end) for cathepsin B. 


y| Q 


1 7A 
1 . / 1 


Msa.5010.0 s at 


EST 


/I Q 

4.0 


A d7 
1 .0/ 


W65767 S_at 


COT 

EST 


A Q 


A C\Q 

i .oy 


Msa.40135.0 S 


COT 
CO 1 


4.0 


i Q7 
1 .Of 


Msa.954.0 s at 


Mus musculus i Arz (1 Arz-d) mKNA, complete cos 


4.0 




b i o^y^o r ax 


M.musculus aniiDOoy neavy cnam vanauie region loooupj 


*f.O 




Z12297 s at 


M.musculus mRNA for intercrine 


4.5 


1.29 


Msa.23863.0 f a 


EST 


4.5 


0.7 


Msa. 16075.0 s a 


CREATINE KINASE, B CHAIN (EC 2.7.3.2) 


4.3 


6.16 


Msa.1843.0 at 


Macrophage inflammatory protein-1 alpha receptor 


4.2 


1.44 


Msa.30006.0 s a 


EST 


4.2 


0.89 


Msa.928.0 f at 


Myristoylated alanine-rich C-kinase substrate (MARCKS) 


4 


4.12 


Msa.739.0 s at 


C57BL/6J ob/ob haptoglobin mRNA, complete cds 


3.9 


3.86 


Msa. 1867.0 s at 


Vacuolar adenosine triphosphatase subunit A gene 


3.8 


0.31 
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Acrpeeion Number 


Gene 


Fold 
Change 


Sort 
Score 


Msa 21652 0 f a 

iviod.^ I \J\JC . w i a 


AA027619 mi08d05 r1 Mus musculus cDNA 5* end 


3.8 


3.9 


xfifi74fi c at 


Mnucp mRNA for Krox-20 nrotein containinn 7inr finaers 


3.8 


0.82 


Mqs 4Q7 ft e at 

IVIOd.*tOi .V/ O ul 


M mijcruluc. mRNA for calcvclin 


3.8 


1.7 


Meg ifinn ft q at 

mod. IvUU.U o ai 


Mne miieriiluc MPS1 npnp and mRNA *VpnH 

iviuo ii iuovuiuo ivir w i yci ic ai i <j 1 1 n xi x/^, o ci iu 


3.7 


4.96 


uv41^ft1 e at 
wt 1 OU 1 o at 


FST 

1 — O 1 


3.7 


0.61 


y Q9 qqq n at 

IVIod. OOo\U dl 


Mne miienihie 057RI /R olatplpt-tvop 19-linnY\/opoaep 

IVIUO IIIUOUUIUO VvJf DL/U UldlCICL IYUC 1 IIUUAyy CI IdoC 


3 6 


0.59 


Mca 991 *x4 ft c a 


FST 

LO 1 


3 6 


2.89 


Mea 10880 ft e a 

iviod. o d 


EST 

to 1 


3.6 


1.05 


Moo Qlft ft f at 
IVIod. o 1 0.U I dl 


Mi icn iluc Hnmoetioiic mRNA fnr 1 w-fif* variant 

IVIUoUUIUO UUIIICOIIUUO lllr\l>i/A IUI Ljfvu Vdlldlll 


o.u 


4 42 


Mea 559^ ft q at 
iviod. uu^O.U o dl 


FST 

1 


3 5 


1.2 


X7ft1ftft f at 

AlUI UU 1 dl 


M miieoiiliie mall mRNA for kpratinoovtp linirl-hinHino nrotpin 
i vi .i i luoouiuo nidi i iiirviN/A r\ci aiii njuy ic ii^jiu ""Liiiiuniy (jiuiciii 


3 4 


2 29 


Meg 1 845Q ft f a 

IVIod. IO*tUO.U 1 d 


FST 


3 4 

U.*T 


3 36 


Meg 4^1 Q4 ft f a 

IVIod. *tO I o*t.U I d 


M miiepiiliie mpmhranp nlv/rvtnmtpin nono 
ivi.i i luowuiuo 1 1 id i ilii di ic \jiy \aj\j\ uicii i yci ic 


3 3 


1 57 


X 18874 f at 


Mnnep mRNA for oomnlpmpnt orotpin f^1n R-phain 

IVIUUOC 1 1 1 1 \ 1 vr \ 1 \J 1 V^CI 1 l|_lld 1 1 1 }JI UlCII 1 w 1 v| U til la II 1 


3.3 


3 42 


Meg 1 RfW ft e at 
IVIod. IJOO.U o dl 


Mnnep nrimarv rpeoonep npnp RQ4 mRNA ^'pnd 
iviuuoc? pi ii i idi y i co(jui ioc yci ic Dv/*+ i i ir\iNr%, o ci iu 


3 3 


2 65 


74Q877 e at 


M miiepntiie evk mRNA for nrofpin-tvroeinp kinaep 
ivi.i i luoisUiuo oyiv iiirM^n iui piuidii lyiwoiiic i\nidoc?» 


3.3 


2 88 


FT81114 f at 
liui lit i ai 


Mnepiiliie Hompetifiie mRNA for 1 \/-Rf^ variant 
iviuoisUiuo uuiiicouuuo iiir\i>ir^ iui i— y uv vdiidin 


3.2 


3.82 


yH4Q79 e at 
auH3 l c. o dl 


Mnnep mRNA for mannanpep eiioproYidp Hiemntaep ^MnSOn^ 
iviuuoc iiir\i>i/"\ iui 1 1 idi iycn icoc ouuciuaiuc uioinuidoc \ivii iouu j 


3 2 


2 


xfi780Q « at 

AU I OU5 O al 


M muerutii^ mama mRNA 

ivi.m iuoi/Uiuo nidiiid iiii\i^m. 


3.1 


2.02 


711Q74 c at 

L 1 l*/H O dl 


M mneoiiliie mRNA for marronhanp mannocp rprpntor 

ivi.i i iuouuiuo nirxi^ir^ ikji i i lauiufji iayc niaiiiivoc icvvpiui 


3.1 


2.58 


Mea 81 57 0 c at 

IVIOd.U 1 v/f .V O Ol 


EST 


3.1 


2.23 


X87844 e at 

/\\J 1 \/*T*T O Ol 


M miieoiilue olx/QR mRNA 
ivi.i i lUdvUiuo yiyo^u iiirxi^r^. 


3.1 


2 13 


Meg 94^ ft f at 


EST 


3.1 


0.91 


FT898'xQ at 


immi inonlohi ilin-likp rprpntor PIRA1 /RM21\ mRNA 
iiiiiiiui luyiuuuiu i~iii\c icocuiui r iixtai ^uivit. i / inr\i>irA 


3 1 

U. 1 


1 2 


X81147 e at 

AO 1 »Hl O dl 


M miieoiiliie mRNA for iron rpenoneivp Plpmpnt hinriino orotpin 
ivi.i i iuouuiuo iiirxiNr^ iui nun icouuiioivc ciciiiciii uiiiuiny uiuicui. 


o 


1.06 


Meg ft c at 
IVIOd. *tUUo\U o dl 


FST 


3 


1.02 


M Q g 4179R ft f a 

IVIod.*T I f £u.U I d 


AA1R^Qfi7 mr94oft7 r1 Mne miienihie rDNIA pnH 
nniuosuf init.*tyur .1 i iviuo iiiuouuiuo UL/ivrA, u ciiu 


o 


0 5 

u.u 


Mca 9fi9*x ft n at 


M mnepiiliie mRNA for fVTP-hinriinn orotpin 
ivi.i i iuouuiuo 1 1 irviN/A iui oil uiiiuniy uiuiciii 




n 8Q 


Mca 1R14A ft c a 
iviod. iu ito.u o d 


FST 


2 8 


1 45 


Meg i 9fi ft e at 
IVIod. IZO.U o dl 


IVIUUOC Dd A diuild lllrMNAA, UUIIIUICIC UUo 


7 8 


U.57U 


Meg ^58 ft e gt 
IVIod. OOUU.U o dl 


FST 

L_0 1 


7 8 


0 76 

U. » U 


Meg **1 **8 0, e at 

IVIod.J I JO.U o dl 


FST 

to 1 
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Accession Number 


Gene 


Fold 
Change 


Sort 
Score 


X68670 s at 


Terminal deoxynucleotidyltransferase (TdT) 


-9.8 


-5.67 


X61385 s at 


T-cell specific transcription factor 


-9.9 


-9.03 


Msa. 19552.0 s a 


EST 


-66.4 


-44.3 



Naive and memory B6.2.16 CD8 cells were purified as described in the Materials 
and Methods. cRNA was hybridized with Affymetrix Gene Chips (MullKA and 
5 Mul 1KB). The difference in expression level of a gene between Memory and Naive 
CD8 cells was evaluated by Fold Change and Sort Score, which are listed in descending 
order showed in Table 2 and Table 3. Genes with a Memory/Naive ratio >2.0 and a sort 
score >1.0 were considered to be significantly up-regulated in memory cells. 

Infection of wild-type mice with LCMV Armstrong results in a vigorous CTL 

10 response, which clears the virus and gives rise to a stable pool of anti-LCMV memory 
CD8 cells (Lau et aL, 1994; Murali-Krishna et aL, 1998). To validate the physiological 
relevance of the candidate genes up-regulated in B6.2.16 memory CD8 cells, studies 
were conducted to determine whether they were also up-regulated in memory CD8 cells 
after infection with LCMV. Wild-type C57BL/6 mice were infected with LCMV 

15 Armstrong to generate effector CD8 cells (E) after 8 days or memory CD8 cells (M) after 
80 days or more (Lau et aL, 1994). Anti-LCMV CD8 cells were purified from the spleen 
by FACS using H-2D b -tetramers loaded with three immunodominant LCMV antigen 
peptides and anti-CD8 antibody (FIG. 13 A) (Murali-Krishna et aL, 1998). Naive CD8 
cells (N) were purified directly from the spleens of un-infected C57BL/6 mice by FACS 

20 based on CD44 low CD8 + staining (FIG. 13 A). Two separate isolates of RNA from effector 
and memory cells were purified from two independent LCMV infections, while RNA of 
naive cells was from two different isolations. Real-time PCR was used to determine the 
relative difference in expression of mRNA for a given gene between CD8 populations 
(FIG. 13B) (Medhurst et aL, 2000). 

25 Eight of the forty three candidate genes that were up-regulated in B6.2.16 CD8 

memory cells were also up-regulated in anti-LCMV memory cells (FIG. 13B, Table 4, 
and Table 5). 
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TABLE 4. Real -Time PCR Analysis of Differential Gene Expression in CD8 Cell 
Populations. 



Accession 
Number 


Gene 


Memory 
Naive 


Memory 
Effector 


Effector 
Naive 


Function 


U06948 


Fas L 


22(4) 


2 


10 


Effector molecule 


M64085 


Spi2A 


18(2) 


2 


9 


Anti-apoptosis 


D83648 


CCR5 


10(4) 


-2 


15 


Cell migration 


Ml 2302 


GmB 


9(3) 


-24 


211 


Effector molecule 


AA542220 


LITAF 


4(2) 


nsd 


5 


Transcription factor 


U57325 


PS2 


3(2) 


nsd 


nsd 


Anti-apoptosis 


U19482 


CCL9 


3(5) 


nsd 


nsd 


Cell migration 


Ml 8466 


Ly6C 


2(3) 


2 


nsd 


Cell adhesion 



Table 4 demonstrates the relative level of gene expression in FACS purified 
naive, effectors (8 d post infection) and memory ( >80 d post infection) CD8 cells from 
FIG. 13 A. The data is from two independent experiments from FIG. 13B. For the 
memory/naive comparison, the relative level of expression from DNA array analysis of 
B6.2.16 CD8 cells is given in parenthesis. No statistical difference in mRNA levels 
between populations is indicated as nsd. 
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TABLE 5: Relative Expression of Candidate Genes in Memory Compared to Naive 
CD8 ceils 



Accession Number 


Gene 


Memory / Naive 
B6.2.16 CD8 Anti-LCMV CD8 


AA165775 


ATP-binding cassette protein 


43 


b.r.d. 


AA199380 


Similar to ATP-binding cassette protein 


32 


-1.3 


W29434 


Similar to interferon-inducible 1-8D protein 


28 


b.r.d. 


AA415898 


Interferon-inducible GTPase 


27 


b.r.d. 


AA6 17493 


Endoplasmic reticulum protein 29 


24 


-1.8 


AA542220 


LPS-mduced TNF activating factor (LITAF) 


21 


3.0 


J05261 


Mouse protective protein 


16 


1.1 


X62742 


H-2DM 


16 


-1.2 


AA711915 


Similar to jun dimerization protein 


14 


b.r.d. 


A A A*l A AC\C 

AA474495 


Similar to NADH-cytochrome B5 reductase 


12 


-1.2 


AA575696 


Similar to sorting nexin 1 


11 


1.1 


U43085 


Glucocorticoid-attenuated response gene 39 


11 


-1.5 


U59807 


Cystatin B 


11 


1.1 


AA288280 


Cathespin C 


8.0 


1.1 


AA472322 


Sorting nexin 5 


7.9 


-1.6 


X56602 


Interferon-inducible 15-kDa protein 


7.9 


1.0 


U72643 


Lymphocyte specific transcript 


7.2 


b.r.d. 


AI892501 


Similar to cathepsin Z 


7.2 


1.0 


AA260827 


Similar to hypothetical protein FLJ20378 


7.0 


1.0 


AA277739 


Ubiquitin specific protease 14 


6.9 


-1.8 


W18601 


Similar to cytochrome c oxidase Vb subunit 


6.7 


-1.1 


U86137 


Telomerase protein- 1 


6.6 


-3.5 


X61800 


C/EBP delta 


6.6 


b.r.d. 


U 19482 


CCL9 


5.4 


1.7 


X03479 


Serum amyloid A3 


4.9 


1.0 


AA182189 


Spi-C 


4.9 


b.r.d. 


X54966 


Cathepsin B 


4.8 


1.0 


D14566 


TAP 1 


4.8 


1.2 


D83648 


CCR5 


4.4 


8.5 


T T/"\ /TV A o 

U06948 


Fas L 


4.3 


18 


X06746 


Krox-20 


3.8 


-2.0 


U56773 


Pelle-like protein kinase 


3.4 


1.0 


Z49877 


Syk 


3.3 


b.r.d. 


X04972 


MnSOD 


3.2 


-1.3 


M59470 


Cystatin C 


3.1 


-1.4 


Ml 8466 


Ly6C2 


2.9 


1.7 


M12302 


Granzyme B 


2.8 


9.4 


U88908 


Inhibitor of apoptosis 1 


2.6 


-2.2 


X59379 


Amyloid Beta precursor 


2.2 


-2.0 


M64085 


Serine protease inhibitor 2A (Spi2A) 


2.2 


22 


U57325 


Presenillin 2 short 


2.2 


3.6 


L31532 


Bcl-2 


2.1 


1.3 


M63695 


CD1.1 


2.1 


-1.3 
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In Table 5, naive and memory CD8 cells expressing either anti-HY transgenic 
TCR B6.2.16 or endogenous TCRs specific for LCMV were purified as described in the 
Materials and Methods. For a given gene, the ratio of mRNA levels in memory/naive 
5 cells is listed in descending order. For B6.2.16 CD8 cells, the expression level is from 
DNA array analysis and for anti-LCMV CD8 cells, the expression level is the mean ratio 
from real-time PCR analysis of CD8 cells from two independent experiments (FIG. 13B; 
Table 4). The expression of some candidate genes, which were apparently up-regulated in 
memory B6.2.16 CD8 cells was below the reliable detection level (b.r.d.) by real-time 

10 PCR in naive and anti-LCMV memory CD8 cells indicating that amplification of these 
genes did not reach the exponential phase during the standard 40 cycle real -time PCR 
run. In addition, when analyzed by real-time PCR, the expression of many candidate 
genes, which were higher in memory B6.2.16 CD8 cells, were no higher in anti-LCMV 
memory cells. The discrepancies between the expression levels of these genes in B6.2.16 

15 CD8 memory and anti-LCMV memory in this study, and with the findings of others 
(Grayson et al 9 2001; Grayson et al 9 2000; Kaech et al 9 2002), may be due to a variety 
of factors. These may include differences in the type of antigenic stimulation, the purity 
of CD8 cell populations, and whether the analysis was performed on cells expressing 
transgenic or endogenous TCRs. Several candidate genes were up-regulated in anti- 

20 LCMV memory CD8 cells. Candidate genes that were not up-regulated in anti-LCMV 
memory CD8 cells (M/E mRNA ratio<1.7) were excluded from further consideration. 
Some candidate genes (8) had an expression level that was below the reliable detection 
limit by real-time PCR and so were also excluded to avoid misleading apparent 
differences in expression between CD8 populations (Marrack et al 9 2000). 

25 Several genes identified by our two-stage screen have also been found by others 

to be up-regulated in memory CD8 cells (Grayson et ai, 2001; Kaech et al 9 2002). 
These include CTL-specific genes such as the effector molecules granzyme B and Fas L 
(Russell and Ley, 2002), the memory cell marker gene Ly6C (Walunas et al 9 1995) and 
the chemokine receptor gene C-C chemokine receptor 5 (CCR5) (Bleul et al 9 1997)(FIG. 

30 13B, Table 4). To determine whether the apparent increase in expression level of 
candidate genes in anti-LCMV memory CD8 cells was due to contamination with non-T 
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cells, real-time PCR was performed to detect the expression of the class II MHC gene I- 
Aa (MHC II). There was no difference in the expression of MHC II between 
populations of FACS-purified CD8 cells (FIG. 13B). Therefore, the two-stage assay 
allowed identification of genes that were up-regulated in physiologically relevant 
5 memory CD8 cells. 

These analyses allowed for the identification of other genes not previously known 
to be up-regulated in memory CD8 cells (Table 5). Two criteria were used for selecting a 
candidate for a protective gene in memory CD8 cell differentiation - correlation of gene 
expression with memory cell development and anti-apoptotic function. Of the genes 

10 examined, FasL and Spi2A were up-regulated to the greatest extent during the 
development of naive to memory cells. Importantly, the up-regulation of both these 
genes also correlated with the differentiation of CTLs into memory cells (Table 2). 
However, of the two, only Spi2A can protect against PCD, whereas FasL is a well known 
initiator of PCD (Kagi et al, 1994b; Liu et ai, 2003). The possibility that the up- 

15 regulation of an anti-apoptotic, dominant-negative form of FasL in memory CD8 cells 
(Chinnaiyan et ai, 1996) was detected cannot be discounted. However, this is unlikely 
given the previous finding that the Fas-FasL pathway of death plays no role in PCD 
during anti-LCMV memory CD8 cell development (Razvi et ai, 1995). As with 
granzyme B, the expression of FasL renders memory CD8 cells capable of using effector 

20 pathways of PCD to directly kill infected cells (Russell and Ley, 2002). This suggests 
that the up-regulation of Spi2A in CTLs facilitates the escape of memory cell precursors 
from PCD. 

A model to evaluate the role of Spi2A in memory CD8 cell development. To 

25 directly test whether the up-regulation of Spi2A facilitates the differentiation of memory 
CD8 cells, Spi2A expression in CD8 cells was modulated after infection with LCMV. 
Recombinant retroviruses allowed for both the elevatation and knock-down of the 
expression of Spi2A mRNA in CD8 cells after infection with LCMV. 

Bone marrow progenitor cells from C57BL/6 mice were transduced with a 

30 retrovirus encoding both Spi2A and green fluorescent protein (GFP) on a polycistronic 
mRNA (Liu et ai, 2003; Zang and Ren, 1998). Bone-marrow chimeras harboring empty 
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15 



20 



vector (GFP mice) or retrovirus encoding Spi2A (Spi2A mice) were generated after the 
adoptive transfer of transduced bone-marrow into lethally irradiated C57BL/6 CD8- 
deficient mice (Fueng-Leung et ai 9 1991). It has been shown that the expression of anti- 
sense Spi2A mRNA abrogates the NF-icB-dependent, up-regulation of endogenous Spi2A 
mRNA (Liu et al. 9 2003). To generate CD8 cells in which Spi2A could be upregulated, 
bone-marrow chimeras that expressed anti-sense Spi2A mRNA encoded by retrovirus 
(Spi2A-A mice) were created. 

The efficiency of bone-marrow transduction and subsequent engraftment was no 
different for any of the retroviruses (Table 6). 

TABLE 6: Generation of Bone Marrow Chimeras Transduced with Retrovirus 

GFP-Positive 



Group 


% CD8 


% B220 


%GFP 


% CD8 


%B220 


GFP (n=24) 


4.45±0.26 
(1.77-7.53) 


47.99±3.01 
(17.8-66.1) 


39.51±4.01 
(2.01-64.7) 


4.46±0.17 
(2.55-6.48) 


39.72±2.49 
(12.0-61.0) 


Spi2A (n=21) 


4 .47±0.19 
(2.16-5.85) 


45.48±2.92 
(18.6-64.8) 


33.17±3.96 
(1.19-69.7) 


4.76±0.15 
(3.26-6.03) 


32.33±3.6 
(8.31-56.7) 


Spi2A-A(n=24) 


4.71±0.37 
(1.97-6.31) 


39.39±3.90 
(10.9-66.8) 


40.29±4.24 
(1.36-71.8) 


4.75±0.24 
(3.10-6.84) 


33.99±3.72 
(6.75-60.8) 



25 

Wild-type C57BL/6 bone-marrow, which had been transduced with retrovirus, 
was adoptively transferred into lethally irradiated (1200 rads) C57BL/6 CD8-deficient 
mice (1 .5-2.0 x 10 6 cells/mouse). After 8 weeks, PBLs were analyzed for the engraftment 

30 of retrovirally-transduced (GFP-positive) B lymphocytes (B220-positive) and CD8 cells. 
The level of CD8 cells in C57BL/6 CD8-deficient mice was below the level of detection 
by FACS (< 0.1% of PBLs). The mean percentage ± SEM of each lymphocyte 
population and the range in parenthesis are indicated. The mean level of CD8 cells in 
C57BL/6-deficient bone-marrow chimeras was about 50% of the level in age-matched 

35 wild-type C57BL/6 mice [8.36 ± 0.41 % (8.07-8.94 %)], whereas the level of B cells was 
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comparable [44.5 ± 1.47 % (40.4-47.7 %)]. There was no significant difference in the 
level of CD8 cells and B cells in retrovirally-transduced PBLs (GFP-positive) between 
different experimental groups of chimeras. 

After 8 weeks, the level of CD8 cells in PBLs of C57BL/6 CD8-deficient 
5 chimeras was about 50% of the wild-type C57BL/6 control level. Of the population of 
transduced PBLs (GFP-positive), there was no difference in the percentage of CD8 cells 
between GFP, Spi2A or Spi2A-A mice (Table 6). Therefore, the expression of sense or 
anti-sense Spi2A in bone-marrow progenitors did not affect the development or 
homeostasis of naive CD8 cells. GFP + CD8 + cells from the spleens of Spi2A and Spi2A- 

10 A mice were purified eight days after infection with LCMV (FIG. 14A). Real-time PCR 
analysis revealed a significant increase of Spi2A mRNA in CD8 cells from Spi2A mice 
(FIG. 14B). Importantly, the expression of anti-sense Spi2A knocked-down the 
expression of endogenous Spi2A mRNA in CD8 cells after infection with LCMV (FIG. 
14B). These results indicate that expression of retro viral-encoded Spi2A sense and anti- 

1 5 sense mRNA modulates the expression of Spi2 A mRNA in LCMV-specific CTLs. 

Spi2A determines the level of antigen-specific CD8 cells after infection with 
LCMV. Programmed cell death is critical in determining the level of antigen-specific 
CD8 cells after infection and the resulting level of antigen-specific memory CD8 cells. 

20 Spi2A encodes an inhibitor of PCD and is up-regulated in memory CD8 cells. Therefore, 
Spi2A may facilitate the development of memory CD8 cells by protecting memory cell 
precursors from PCD after infection. Modulation of Spi2A expression in CD8 cells has a 
critical affect on the level of anti-LCMV CD8 cells before and during the memory phase. 
Bone-marrow chimeras transduced to the same extent with each of the 

25 recombinant retroviruses (10-35% GFP positive of PBLs) and all reconstituted to 50% of 
wild-type C57BL/6 level of CD8 cells, were infected and the percentage of LCMV- 
specific CD8 cells determined by staining PBLs with H-2Db-tetramers loaded with 
LCMV antigen peptides. 

As has been previously observed, when wild-type C57BL/6 were infected with 

30 LCMV (2 x 10 5 pfu/mouse), a peak number of anti-LCMV CD8 cells in PBLs was 
observed after 8 days (FIG. 15) (Murali-Krishna et al, 1998). 
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In the representative experiment in FIG. 16A, infection of GFP control chimeras, 
which harbored 50% of wild-type CD8 levels (FIG. 15), resulted in a rapid expansion of 
anti-LCMV CD8 cells, and a peak level after 14 days. The expression of recombinant 
Spi2A did not increase the level of anti-LCMV CD8 cells during the initial expansion 
5 phase, nor did it affect the magnitude of the peak response in Spi2A mice. However, 
during the ensuing contraction phase, a considerable increase in the level of anti-LCMV 
CD8 cells in Spi2A mice was observed, resulting in an elevated level of anti-LCMV CD8 
cells during the memory phase, which was stable for at least 14 weeks (FIG. 16 A; FIG. 
17). In Spi2A mice, normalization of the residual level as a percentage of the maximum 

10 level revealed a significant reduction in the severity of contraction in anti-LCMV CD8 
cell levels (FIG. 16B; FIG. 18). The level of anti-LCMV CD8 cells, measured as a 
percentage of the total GFP + CD8 + cell population in PBLs, was also significantly 
elevated in Spi2A mice (FIG. 16C). Therefore, the expression of Spi2A specifically 
increased the levels of antigen-specific CD8 cells. In the bone-marrow chimeras, 

15 recombinant retrovirus is expressed in leucocytes other than CD8 cells (Table 6). 
However, no difference in the number of GFP-negative, anti-LCMV CD8 cells in Spi2A 
mice (FIG. 16D) was observed. Therefore, any modulation of Spi2A expression that 
occurred in GFP-positive leucocytes other than CD8 cells did not affect the levels of 
virus-specific CD8 cells. Overall, these results indicate that the expression of Spi2A in 

20 CD8 cells alleviates the severity of the contraction phase of anti-LCMV CD8 cells giving 
rise to an increase in the level of virus-specific cells in the memory phase. 

To determine the physiological relevance of Spi2A to memory CD8 cell 
development, the effect of abrogating Spi2A up-regulation on the response of CD8 cells 
to LCMV infection was examined. Knockdown of Spi2A mRNA expression in CTLs by 

25 anti-sense message resulted in both a reduced peak level (FIG. 16 A; FIG. 17) and a more 
severe contraction phase, as evidenced by a lower normalized residual level (FIG. 16B; 
FIG. 18). Thus, the level of anti-LCMV CD8 was diminished throughout the contraction 
and resulting memory phases (FIG. 17). It can be concluded that Spi2A determines both 
the peak level and the severity of the contraction phase of anti-LCMV CD8 cells. It has 

30 been long recognized that after an immune response PCD is a force limiting the number 
of antigen-specific CD8 cells (Ahmed and Gray, 1996). Therefore, consistent with a role 
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as an inhibitor of PCD (Liu et ai, 2003), these results indicate that the up-regulation of 
Spi2A is required to protect CTLs from PCD during memory CD8 cell development. 

Spi2A determines the number of anti-LCMV memory CD8 cells. A 

5 characteristic of memory CD8 cells is their ability to immediately respond to re- 
stimulation with antigen, long after the primary exposure to antigen. To examine the role 
of Spi2A in the development of long-term memory cells, this phenotypic definition was 
used to quantitate the number of memory CD8 cells in the spleens of the recombinant 
retroviral bone-marrow chimeras after infection with LCMV. Modulation of Spi2A 
10 expression in CD8 cells had a significant effect on the numbers of anti-LCMV CD8 
memory cells. 

Typically, anti-LCMV-memory CD8 cells are capable of generating cytokines, 
such as interferon-y (IFN-y) within five hours of stimulation with antigen-peptides 
(Murali-Krishna et al. 9 1998). This assay was used to define and quantitate the memory 
15 CD8 cells (IFN-y* CD8*) that persisted in the spleen seventy-five or more days after 
infection with LCMV (FIG. 19). Expression of Spi2A increased the percentage (FIG. 19 
and FIG. 20A) and absolute number (Table 7) of anti-LCMV CD8 cells in Spi2A mice in 
two independent experiments. 
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TABLE 7. Number of Anti - LCMV CD8 Cells in the Spleen After Infection of 
Bone Marrow Chimeras 



Number of anti-LCMV CD8 cells per 
spleen (x!0~ 5 ) 


Exp. 


Chimera 


Time of infection (d) 


GFP + 


GFP" 






Primary 


Secondary 






1 


GFP 


101 


n/a 


2.57 ± 0.23 


2.48 ± 0.38 (n=6) 




Spi2A 


101 


n/a 


7.6910.94(199%) 


2.79 ± 0.12 (n=6) 




Spi2A-A 


101 


n/a 


0.88 ±0.12 (-66%) 


2.56 ± 0.24 (n=5) 


2 


GFP 


75 


n/a 


4.12 ±0.55 


5.02 ± 0.67 (n=3) 




Spi2A 


75 


n/a 


8.66 ±1.03 (110%) 


5.07 ± 0.68 (n=3) 




Spi2A-A 


75 


n/a 


1.74 ± 0.14 (- 57%) 


5.35 ± 0.20 (n=6) 


3 


GFP 


60 


5 


22.35 ± 4.40 


37.77 ± 5.67 (n=4) 




Spi2A 


60 


5 


115.71+ 26.13 (417%) 


45.94 ± 7.55 (n=4) 




Spi2A-A 


60 


5 


4.39 ± 1.28 (-80%) 


39.26 ± 6.57 (n=4) 



Exp.=Experiment number. 

5 



C57BL/6 CD8 deficient mice were reconstituted with bone marrow progenitors 
that had been transduced by retroviruses encoding GFP alone (GFP), Spi2A in the sense 
(Spi2A) or antisense (Spi2A-A) orientation in polycistronic messages with GFP, then 

10 infected with LCMV. Absolute cell numbers were determined for the splenocytes that 
were either transduced (GFP*) or not transduced (GFP~). The data in experiments 1 and 
3 are further described in FIG. 20. The cell numbers are the mean values (± SEM) from 
the analysis of individual infected mice (n= number of mice analyzed). The numbers in 
parenthesis indicate the proportional change of anti-LCMV CD8 cells compared to the 

15 GFP control in each experiment. In experiments 1 and 2 mice were infected only once 
and so the time after the secondary infection is not applicable (n/a). 

In addition, the effect of Spi2A was specific for antigen-specific CD8 cells (FIG. 
20B). There was no difference in the number of GFP-negative, memory CD8 cells in 
Spi2A mice compared to GFP controls after infection with LCMV (FIG. 20C). 

20 Therefore, any modulation in Spi2A expression that may have occurred in non-CD8 cells 
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in the bone-marrow chimeras was not responsible for the differences observed in memory 
CD8 cell recovery. 

To verify that the development of memory CD8 cells facilitated by Spi2A was not 
due to over expression, the effect of suppressing the up-regulation of Spi2 A by anti-sense 
5 message in Spi2A-A mice was examined. A significant decrease in both the percentage 
(FIG. 19 and FIG. 20A) and absolute number (Table 7) of anti-LCMV memory CD8 cells 
from Spi2A-A mice in two independent experiments was observed. Overall, it can be 
concluded that the up-regulation of Spi2A in CD8 cells is a physiological mechanism for 
facilitating the development of long-term memory CD8 cells. 

10 

Spi2 A affects the potency of recall responses to LCMV. The robust secondary 
recall response to antigen is a characteristic of the memory phase of an immune response, 
and is determined by both the number and phenotype of memory T cells (Ahmed and 
Gray, 1996). To further examine the role of Spi2A in the development of memory CD8 

15 cells, recall responses to LCMV in the retroviral bone-marrow chimeras were examined. 
As with the development of primary memory CD8 cells, Spi2A had a dramatic effect on 
the recall response of CD8 cells to re-infection with LCMV. 

Mice were infected with LCMV to generate primary memory CD8 cells. After 
sixty days mice were re-challenged with LCMV and the recall response measured in the 

20 spleen five days later by determining the frequency of LCMV-reactive CD8 cells in ex 
vivo WN-y production assays (FIG. 19). As expected, re-challenge of control primary 
memory CD8 cells (GFP-negative) with LCMV, resulted in about a 10-fold increase in 
anti-LCMV CD8 cells (Blattman et aL, 2000; Lin and Welsh, 1998) (Table 7). The 
percentages and absolute numbers of secondary anti-LCMV CD8 cells were significantly 

25 increased in Spi2A mice (FIG. 19, FIG. 20D and Table 7). In addition, the effect of 
Spi2A was specific for antigen-specific CD8 cells (FIG. 20E). There was no difference 
in the number of GFP-negative, secondary anti-LCMV CD8 cells in Spi2A mice (FIG. 
20F). Therefore, any modulation in Spi2A expression in non-CD8 cells was not 
responsible for the effects of Spi2A on CD8 cell recall responses. 

30 Importantly, abrogation of Spi2A up-regulation severely diminished recall 

responses to LCMV in Spi2A-A mice (FIG. 19, FIG. 20D and Table 7). Therefore Spi2A 
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was a physiologically relevant determinant of CD8 cell recall responses to LCMV. Since 
the magnitude of recall responses is determined by both the number and phenotype of 
memory CD8 cells, these findings point to a critical role for Spi2A in determining CD8 
cell memory to virus. 

5 

EXAMPLE 4 
Assays to Identify Spi2 A Polypeptide Equivalents 

Using the teachings of the specification and the knowledge of those skilled in the 
art, one can conduct assays to identify Spi2A polypeptide equivalents. The term "Spi2A 
polypeptide equivalent" has been previously defined in this specification. A plurality of 
distinct proteins/polypeptides/peptides with different substitutions can be easily made and 
used in accordance with the invention. The Spi2A polypeptide equivalent can be a 
polypeptide from any species or organism, including a human polypeptide. In addition, 
the Spi2A polypeptide equivalent can be naturally occurring or synthetic polypeptide. 
One of ordinary skill in the art would understand that many Spi2A polypeptide 
equivalents would likely exist in the art and can be identified using commonly available 
experimental techniques. For instance, screening of libraries of known amino acid 
sequences can be analyzed for comparison to SEQ ID NO:2. Experimental techniques 
known to those of ordinary skill in the art can be used to synthesize polypeptides wherein 
certain, not most or all, of the amino acids of Spi2A have been substituted. One method 
will be to express, in E.coli , recominant genes encoding a fusion polypeptide between a 
peptide of 6 histadines (His peptide)and Spi2A polypeptide or equivalent polypeptide 
using the pET ™ (Novaegen) expression cassette. These fusion polypeptides will be 
purified on nickel columns and the His peptide removed by protease clevage. This 
method can be used to generate TAT-Spi2A polypeptides or equivalent polypeptides. 

EXAMPLE 5 
Testing of Spi2A Polypeptide Equivalents 

Using the teachings of the specification and the knowledge of those skilled in the 
30 art, one can conduct tests to determine whether Spi2A polypeptide equivalents can 
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15 



20 



25 



protect against both the caspase-dependent and caspase-independent pathways of cell 
death. For instance, it can be determined whether Spi2A polypeptide equivalents can 
inhibit cathepsin B activity after treatment of RelA +/+ MEFs with TNF-ct. In addtion 
Spi2A polypeptide equivalents can be screened for the ability to inhibit cysteine proteases 
5 in in vitro assays. For example, the Spi2A polypeptide equivalents that one can evaluate 
for cathepsin B inhibition may include polypeptides based on the amino acid sequence of 
the human serpins discussed above (i.e., SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, 
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, and SEQ ID NO:9). 

10 EXAMPLE 6 

In vivo Prevention of Tumor Development Using Spi2A Polypeptides and 
Spi2A Polypeptide Equivalents 

Using the teachings of the specification and the knowledge of those skilled in the 
art, in vivo studies can be conducted to determine the ability of Spi2A polypeptides and 

15 Spi2A polypeptide equivalents to inhibit cancer in murine models of human cancer. In an 
initial round of in vivo trials, a mouse model of human cancer with histologic features and 
metastatic potential resembling those of tumors seen in humans (Katsumata et aL> 1995) 
can be used. The animals may be treated with Spi2A polypeptides and/or Spi2A 
polypeptide equivalents of the present invention to determine the suppression of tumor 

20 development. 

For example, Spi2A polypeptides and Spi2A polypeptide equivalents can be 
tested in vivo for antitumor activity against murine leukemia cell lines L1210, P388, or 
any other murine model of cancer known to those of skill in the art. In conjunction with 
these studies, the acute and sub-acute toxicities in mice may typically be studied (LD10, 
25 LD50, LD90). In a more advanced phase of testing, the antitumor activity of Spi2A 
polypeptides and Spi2A polypeptide equivalents against human xenografts can be 
assessed and cardiotoxicity studies can be done in a rat or rabbit model. 

In brief, two groups of mice of a suitable cancer model can be treated with doses 
of Spi2A polypeptides and/or Spi2A polypeptide equivalents. Several combinations and 
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concentrations of Spi2A polypeptides or Spi2A polypeptide equivalents can be tested. 
Control mice should be treated with buffer only. 

The effect of Spi2A polypeptides and/or Spi2A polypeptide equivalents on the 
development of cancer in treated mice versus a control group can then be compared by 
5 examination of tumor size and histopathologic examination of hematoxylin and eosin 
stained tumor tissue. 

EXAMPLE 7 

Treatment of Myocardial Infarction in Human Subjects Using Spi2A 
Polypeptides and Spi2 A Polypeptide Equivalents 

10 Using the teachings of the specification and the knowledge of those skilled in the 

art, one can design protocols that can be used to facilitate the treatment of acute 
myocardial infarction in human subjects using Spi2A polypeptides or Spi2A polypeptide 
equivalents. For example, a patient presenting with signs and symptoms clinically 
consistent with an acute myocardial infarction may be treated using the following 

15 protocol. 

A composition of the present invention can be typically administered orally or 
parenterally in dosage unit formulations containing standard, well known non-toxic 
physiologically acceptable carriers, adjuvants, and vehicles as desired. The term 
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, 

20 intra-arterial injection, or infusion techniques. The Spi2A polypeptide or Spi2A 
polypeptide equivalent can be delivered to the patient alone or indeed in combination 
with other therapies for myocardial infarction. Where a combination therapy is 
contemplated, the Spi2A polypeptide or Spi2A polypeptide equivalent can be 
administered before, after or concurrently with the agents. Therapy can be administered 

25 before, after, or concurrently with cardiac catheterization or angioplasty. 

For example, a treatment course can comprise about six doses delivered over a 1 
to 6 day period. Upon election by the clinician the regimen may be continued at a more or 
less frequent basis. Of course, these are only exemplary times for treatment, and the 
skilled practitioner can readily recognize that many other time-courses are possible. 
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In one embodiment, administration may simply entail injection of the therapeutic 
composition intravenously. In another embodiment, a catheter can be inserted into the 
body and the heart is continuously perfused for a desired period of time. 

Clinical responses can be defined by any acceptable measure known to those of 
5 skill in the art. For example, a complete response may be defined by improvement in 
cardiac function based on clinical studies well-known to those of ordinary skill in the art. 
Those of skill in the art can take the information disclosed in this specification and 
optimize the treatment regimes. 

10 EXAMPLE 8 

Treatment of Septic Shock in Human Subjects Using Spi2 A Polypeptides and 
Spi2A Polypeptide Equivalents 

Using the teachings of the specification and the knowledg of those skilled in the 
art, one can design protocols to facilitate the treatment of septic shock in human subjects 

15 using Spi2A polypeptides or Spi2A polypeptide equivalents. For example, a patient 
presenting with signs and symptoms clinically consistent with septic shock may be 
treated using the following protocol. 

A composition of the present invention can be administered orally or parenterally 
in dosage unit formulations containing standard, well known non-toxic physiologically 

20 acceptable carriers, adjuvants, and vehicles as desired. The term parenteral as used 
herein may include subcutaneous injections, intravenous, intramuscular, intra-arterial 
injection, or infusion techniques. The Spi2A polypeptide or Spi2A polypeptide 
equivalent can be delivered to the patient alone or indeed in combination other therapies 
for septic shock, such as parenteral antibiotics. Where a combination therapy is 

25 contemplated, the Spi2A polypeptide or Spi2A polypeptide equivalent can be 
administered before, after or concurrently with the other agents. 

For example, a treatment course may comprise about six doses delivered over a 7 
to 21 day period. Upon election by the clinician the regimen may be continued at a more 
or less frequent basis. Of course, these are only exemplary times for treatment, and the 

30 skilled practitioner can readily recognize that many other time-courses are possible. 
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Administration entails injection of the therapeutic composition intravenously or 
by other methods known to those of skill in the art. The criteria for selecing patients and 
protocol of adminisration would be as described the severe sepsis drug Xigris (Sollet and 
Garber, 2002; Laterre and Heiselman, 2002) 

Clinical responses may be defined by improvement in clinical outcome well-known 
to those of ordinary skill in the art. These may include the restoration of normal blood 
pressure and a decrease in patient morbidity. Those of skill in the art can take the 
information disclosed in this specification and optimize the treatment regimes. 

EXAMPLE 9 

Treatment of Cancer in Human Subjects Using Spi2 A Polypeptides and 
Spi2A Polypeptide Equivalents 

This example describes an example of a protocol to facilitate the treatment of 
human cancer patients using Spi2A polypeptides or Spi2A polypeptide equivalents. 
Patients may, but need not, have received previous chemo- radio- or gene therapeutic 
treatments. Optimally the patient may exhibit adequate bone marrow function (defined 
as peripheral absolute granulocyte count of > 2,000/mm3 and platelet count of 100, 
000/mm3, adequate liver function (bilirubin 1.5mg/dl) and adequate renal function 
(creatinine 1.5mg/dl). 

The compositions can include one or more Spi2A polypeptides or Spi2A 
polypeptide equivalents that may be administered parenterally in dosage unit 
formulations containing standard, well known non-toxic physiologically acceptable 
carriers, adjuvants, and vehicles as desired. The term parenteral as used herein can 
include subcutaneous injections, intravenous, intramuscular, intra-arterial injection, or 
infusion techniques. The composition may be administered directly into the tumor 
vasculature may be delivered to the patient alone or indeed in combination with other 
therapies. Where a combination therapy is contemplated, the composition may be 
administered before, after or concurrently with the other anti-cancer agents. 

In one example, a treatment course can comprise about six doses delivered over a 
7 to 21 day period. Upon election by the clinician the regimen may be continued six 
doses every three weeks or on a less frequent (monthly, bimonthly, quarterly etc.) basis. 

25383653.1 

-98- 



Of course, these are only exemplary times for treatment, and the skilled practitioner can 
readily recognize that many other time-courses are possible. 

In one embodiment, administration may entail injection of the therapeutic 
composition into the tumor. In another embodiment, a catheter can be inserted into the 
5 site of the tumor and the cavity may be continuously perfused for a desired period of 
time.. 

Clinical responses can be defined by acceptable measures known to those of skill 
in the art. For example, a complete response may be defined by the disappearance of all 
measurable disease for at least a month. Whereas a partial response may be defined by a 

10 50% or greater reduction of the sum of the products of perpendicular diameters of all 
evaluable tumor nodules or at least 1 month with no tumor sites showing enlargement. 
Similarly, a mixed response may be defined by a reduction of the product of 
perpendicular diameters of all measurable lesions by 50% or greater with progression in 
one or more sites. Those of skill in the art can take the information disclosed in this 

1 5 specification and optimize the treatment regimen. 

EXAMPLE 10 

Methods of Preparation of Donor Granulocytes for Delivery to a Subject in 
Need of a Granulocyte Donation 

As discussed in the specification above, some embodiments of the present 
20 invention may pertain to use of Spi2A polypeptides and Spi2A polypeptide equivalents in 
the preparation of donor granulocytes. For example, one can prepare donor granulocytes 
by obtaining donor granulocytes from a suitable donor by means commonly known to 
those of skill in the art. The granulocytes can then be isolated using methods of 
granulocyte isolation well-known to those of skill in the art. Following isolation, the 
25 granultocytes can then be treated with a composition that includes one or more TAT- 
Spi2A polypeptides or TAT-Spi2A polypeptide equivalents. 

In vitro studies can be conducted to compare survival of treated granulocytes to 
untreated controls. Blood can be collected from healthy donors which or may not have 
been treated with G-CSF to boost granulocyte numbers. Granulocytes can be purfied by 
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leukapheresis and TAT-Spi2A polypeptides or TAT-Spi2A polypeptide equivalents 
added during storage to alleviate apoptosis and neutrophil function (Hubel et ai, 2001). 
Additional studies can be conducted in human subjects. The subject in need can be a 
subject with any disease or condition known to be treated with donor granulocytes. 
5 Examples of such diseases and conditions include neutropenia (due to chemotherapy, 
radiotherapy, myelosuppressive drugs leukemia, idiopathic neutropenia or aplastic 
anemia (Hubel et ai, 2001), neonatal sepsis, and diseases associated with a qualitative 
abnormality of neutrophils such as chronic granulomatous disease. In particular the 
invention can be of particular usefulness in the treatment of neutropenia due to dose- 

10 intensive chemotherapy, which is amenable to transfusion therapy but not other therapies 
(Liles et ai, 1995). Clinical trials may be performed as described in Hubel et ai, 2001. 
Typically, neutropenic patients may receive 10-15 transfusions with 4-17 x 10 9 
granulocytes/m 2 , which may have been preserved with Spi2A or equivalents. The 
efficacy of the agent will be measured by determining the number and ex vivo function of 

15 transferred neutrophils in patients as well as the reduction in infection with bacteria or 
fungi. 

EXAMPLE 11 

Clinical Trials of the Use of Spi2A Polypeptides and Spi2A Polypeptide 
Equivalents in the Treatment of Diseases in General 

20 This example is generally concerned with the development of human treatment 

protocols using the Spi2A polypeptides and Spi2A polypeptide equivalents in the 
treatment of diseases such as those previously discussed in this specification. In 
particular, such drug treatment can be of use in the clinical treatment of various diseases 
in which cell death and lysosomal instability play a role. Examples of these diseases 

25 include myocardial infarction, and septic shock. A more detailed example pertaining to 
cancer is discussed in the next example. 

The various elements of conducting a clinical trial, including patient treatment 
and monitoring, will be known to those of skill in the art in light of the present disclosure. 
The following information can be used as a general guideline for use in establishing 

30 Spi2A polypeptides and Spi2A polypeptide equivalents in clinical trials. 
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Patients with the targeted disease can be newly diagnosed patients or patients with 
existing disease. Patients with existing disease may include those who have failed to 
respond to at least one course of conventional therapy. 

The Spi2A polypeptide or Spi2A polypeptide equivalent may be administered 
5 alone or in combination with the another therapeutic agent. The agents may be 
administered intravenously, orally, topically, or by another mechanism that is specific to 
the disease that is being treated. If intravascular, the agent may be administed during the 
course of intravascular procedures such as cardiac catheterization or coronary 
angioplasty. The agent may also be administered intraoperatively. For example, the 
10 agent may be administered directly to the heart or coronary vasculature during the couse 
of coronary artery bypass grafting. 

The starting dose may, for example, be 0.5mg/kg body weight. Three patients 
may be treated at each dose level in the absence of a defined level of toxicity. Dose 
escalation may be done by 100% increments (e.g., 0.5mg, Img, 2mg, 4mg) until drug 
15 related toxicity of a specific level develops. Thereafter dose escalation may proceed by 
25% increments. The administered dose may be fractionated. 

The Spi2A polypeptide or Spi2A polypeptide equivalent may be administered 
over a short infusion time or at a steady rate of infusion over a period of days. The Spi2A 
infusion may be administered alone or in combination with other agents. The infusion 
20 given at any dose level will be dependent upon the toxicity achieved after each. 

Physical examination, laboratory tests, and other clinical studies specific to the 
disease being treated may, of course, be performed before treatment and at intervals of 
about 3-4 weeks later. Laboratory studies can include CBC, differential and platelet count, 
urinalysis, SMA-12-100 (liver and renal function tests), coagulation profile, and any other 
25 appropriate chemistry studies to determine the extent of disease, or determine the cause of 
existing symptoms. If necessary, appropriate biological markers in serum can be monitored. 
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EXAMPLE 12 

Clinical Trials of the Use of Spi2A Polypeptides and Spi2A Polypeptide 
Equivalents in the Treatment of Cancer 



This example is concerned with the development of human treatment protocols 
5 using the Spi2A polypeptides and Spi2A polypeptide equivalents in the treatment of 
cancer. The various elements of conducting a clinical trial, including patient treatment 
and monitoring, will be known to those of skill in the art in light of the present disclosure. 
The following information can be used as a general guideline for use in establishing 
Spi2A polypeptides and Spi2A polypeptide equivalents in clinical trials pertaining to 

1 0 cancer treatment. 

Patients with cancer chosen for clinical study will typically have failed to respond 
to at least one course of conventional therapy. Measurable disease is not required.. 

The Spi2A polypeptide or Spi2A polypeptide equivalent may be administered 
alone or in combination with the another chemotherapeutic agent. The administration 

15 may be intravenously, directly into the tumor, topically, or in any other manner known to 
those of skill in the art. The starting dose may be 0.5mg/kg body weight. Three patients 
may be treated at each dose level in the absence of grade > 3 toxicity. Dose escalation 
may be done by 100% increments (0.5mg, lmg, 2mg, 4mg) until toxicity is detected. 
Thereafter dose escalation may proceed by 25% increments. 

20 The Spi2A polypeptide or Spi2A polypeptide equivalent and/or anti-cancer agent 

combination may be administered over a short infusion time or at a steady rate of 
infusion over a 7 to 21 day period. The Spi2A infusion may be administered alone or in 
combination with the anti-cancer drug. The infusion given at any dose level will be 
dependent upon the toxicity achieved after each. Increasing doses of Spi2A in 

25 combination with an anti-cancer drug will be administered to groups of patients until 
approximately 60% of patients show unacceptable toxicity. Doses that are 2/3 of this 
value could be defined as the safe dose. 

Physical examination, tumor measurements, and laboratory tests can, of course, 
be performed before treatment and at intervals of about 3-4 weeks later. Laboratory 

30 studies should include CBC, differential and platelet count, urinalysis, SMA-12-100 (liver 
and renal function tests), coagulation profile, and any other appropriate chemistry studies to 
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determine the extent of disease, or determine the cause of existing symptoms. Also 
appropriate biological markers in serum can be monitored. 

To monitor disease course and evaluate the anti-tumor responses, it is 
contemplated that the patients may be examined for appropriate tumor markers every 4 
weeks, if initially abnormal. Laboratory studies such as a CBC, differential and platelet 
count, coagulation profile, and/or SMA-12-100 shall be performed weekly. Appropriate 
clinical studies such as radiological studies should be performed and repeated every 8 
weeks to evaluate tumor response. 

Clinical responses may be defined by acceptable measure. For example, a 
complete response may be defined by the disappearance of all measurable disease for at 
least a month. Whereas a partial response may be defined by a 50% or greater reduction 
of the sum of the products of perpendicular diameters of all evaluable tumor nodules or at 
least 1 month with no tumor sites showing enlargement. Similarly, a mixed response 
may be defined by a reduction of the product of perpendicular diameters of all 
measurable lesions by 50% or greater with progression in one or more sites. 

EXAMPLE 13 

Clinical Trials of the Use of Spi2A Polypeptides and Spi2 A Polypeptide 
Equivalents in Treating Alzheimer Disease 

This example is concerned with the development of human treatment protocols 
for the treatment and prevention of Alzheimer disease using the Spi2A polypeptides or 
Spi2A polypeptide equivalents developed in the present invention. For example, the 
Spi2A polypeptides or Spi2A polypeptide equivalents in this invention can be used to 
prevent amyloidosis, alone or in combination with other treatments for plaque related 
diseases. 

The various elements of conducting a clinical trial, including patient treatment 
and monitoring, will be known to those of skill in the art in light of the present disclosure. 
The following information can be used as a general guideline for use in the treatment of 
amyloidosis, alone or in combination with other drugs in clinical trials. 

Patients with an amyloidogenic disease or at risk of contracting such a disease can 
be chosen for clinical study and may have failed to respond to at least one course of 
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conventional therapy. Measurable disease is not required. The only criterion is that these 
patients have or are suspected to have amyloidogenic plaques and are or have undergone 
fibrillogenesis. 

In an exemplary clinical protocol, patients may undergo placement of a catheter, or 
5 other suitable delivery device, in a cavity will provide an effective means of delivering a 
therapeutic compounds of the present invention and for sampling the individual for the 
presence of plaque-forming amyloidogenic peptides. In the same procedure, the the Spi2A 
polypeptides or Spi2A polypeptide equivalents may be administered alone or in 
combination with other therapeutic drugs that are commonly used in the treatment of 

10 Alzheimer's Disease and other amyloidogenic diseases. The administration may be 
regional, directly into the fibrillogenic plaque, or in a systemic manner. 

The starting dose may be 0.5mg/kg body weight. Three patients may be treated at 
each dose level in the absence of grade > 3 toxicity. Dose escalation may be done by 100% 
increments (0.5mg, Img, 2mg, 4mg) until drug related grade 2 toxicity is detected. 

15 Thereafter dose escalation may proceed by 25% increments. The administered dose may be 
fractionated equally into two infusions, separated by six hour intervals if combined with a 
second drug for any given patient. 

The Spi2A polypeptides or Spi2A polypeptide equivalents, and any other anti- 
amyloidogenic drug used in combination, may be administered over a short infusion time 

20 or at a steady rate of infusion over a 7 to 21 day period. The Spi2A polypeptides or 
Spi2A polypeptide equivalents may be administered by infusion, alone or in combination 
with the other anti-amyloidogenic drug. The infusion given at any dose level will be 
dependent upon the toxicity achieved after each administration. Hence, if Grade II 
toxicity was reached after any single infusion, or at a particular period of time for a 

25 steady rate infusion, further doses should be withheld or the steady rate infusion stopped 
unless toxicity improved. Increasing doses of the Spi2A polypeptides or Spi2A 
polypeptide equivalents alone or in combination with another anti-amyloidogenic drug 
will be administered to groups of patients until approximately 60% of patients show 
unacceptable Grade III or IV toxicity in any category. Doses that are 2/3 of this value 

30 could be defined as the safe dose. 
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Physical examination, plaque measurements, and laboratory tests may, of course, 
be performed before treatment and at intervals of about 3-4 wk later. Laboratory studies 
should include CBC, differential and platelet count, urinalysis, SMA-12-100 (liver and renal 
function tests), coagulation profile, and any other appropriate chemistry studies to determine 
5 the extent of disease, or determine the cause of existing symptoms. Also appropriate 
biological markers in serum can be monitored. 

To monitor disease course and evaluate the anti-plaque responses, it is 
contemplated that the patients can, for example, be examined for appropriate plaques and 
markers of disease every 4 wk, if initially abnormal. When measurable disease is present, 

10 plaque size measurements are to be recorded every 4wk. Appropriate CAT scanning 
studies should be repeated every 8 wk to evaluate plaque response. A urinalysis may be 
performed every 4 wk. 

Clinical responses may be defined by any acceptable measure known to those of 
skill in the art. For example, a complete response may be defined by the disappearance 

15 of all measurable disease for at least a month. Whereas a partial response may be defined 
by a 50% or greater reduction of the sum of the products of perpendicular diameters of all 
evaluable fibrillogenic plaques or at least 1 month with no plaque sites showing 
enlargement. Similarly, a mixed response may be defined by a reduction of the product 
of perpendicular diameters of all measurable lesions by 50% or greater with progression 

20 in one or more sites. 

EXAMPLE 14 

Clinical Trials of the Use of Spi2 A Polypeptides and Spi2 A Polypeptide 
Equivalents in Treating Liver disease 

Hepatic failure and cirrohsis can be treated by the administration of TAT-Spi2A 
25 polypeptides or TAT-Spi2A polypeptide equivalents by intravenous injection. It is 
anticipated that treatmant may reduce hepatocyte necrosis and apoptosis and prevent 
hepatic failure and cirrohsis (Crawford, 1999). It is anticipated that trials can be under 
taken to treat acute liver failure and cirrohsis caused by fulminant viral hepatitis (with 
hepatits A, B, C, D, E and G virus), drugs, chemicals and alcohol. In addition, TAT- 
30 Spi2A polypeptides and TAT-Spi2A polypeptide equivalents can be used to treat chronic 
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liver disease and cirrohsis caused by viral hepatitis (with hepatits A, B, C, D, E and G 
virus), drugs, chemicals and alcohol. The effect of the agent can be measured by the 
lowering of serum levels of heaptocyte proteins such as transaminases and a reduction in 
patient jaundice. 

5 

* * * 

All of the compositions and methods disclosed and claimed herein can be made 
and executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 

10 embodiments, it will be apparent to those of skill in the art that variations may be applied 
to the compositions and methods and in the steps or in the sequence of steps of the 
method described herein without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain agents which are both 
chemically and physiologically related may be substituted for the agents described herein 

15 while the same or similar results would be achieved. All such similar substitutes and 
modifications apparent to those skilled in the art are deemed to be within the spirit, scope 
and concept of the invention as defined by the appended claims. 
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